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I l f  TH) DUO TIOH.
fhe present study was begun at a .s in g u la r ly  
a p p ro p r ia te  time (195B) with regard to the h is to r y  
o f  Gas L iqu id  Chromatography (0,L,G* )* fh e re  were 
few commercial in s tru m en ts  a v a i la b le ,  a l l  o f  which 
used  the  accu ra te  h u t not v ery  s e n s it iv e  k ath aro m ete r 
d e te c to r s ,  fhus I t  was t h a t ,  when one o f  o u r p r o je c ts  
re q u ire d  se p a ra tio n  o f  a m ix tu re  o f  raonoterpenes, we, 
l i k e  most in d u str ia l concerns at th is  tim e, were fo rc e d  
to  h u l ld  a p re p a ra tiv e  0,L* o* instrument and in  so doing  
le a rn e d  th a t  there was more to  the a p p a ra tu s  than  a 
p o lis h e d  box.
D esp ite  th e  Inadequacy o f  the  commercial a p p a ra tu s , 
a g re a t  dea l o f  work had been done, e s p e c ia l ly  by  th e  
petro leum  chem ists who had e f f e c t iv e ly  se p a ra te d  homo­
logous s e r ie s  o f  the lower b o ilin g  hydrocarbons* In  
th e  f a t t y  a c id  f i e ld  the separation o f  a homologous 
s e r ie s  o f  f a t t y  acid  e s te r s  had been ach ieved  and th e  
se a rch  was on for new sta tion ary  phases to  se p a ra te  
double bond isomers* I t  can be seen by th e  number o f  
papers p u b lish ed  the fo llow in g  year that th e  u s e fu ln e s s  
o f  0 ,1 ,C* to natural -products had a lso  been r e a l i s e d .
By means o f  th e , th e n , new Pye Argon Chroma to  graph
w ith  i t s  very  s e n s i t iv e  Lovelock Argon d e te c to r  w© were 
a b le  to  show th a t  a v ery  la rg e  range o f  compounds, 
in c lu d in g  n -a lk a n es , t r i te r p e n e  hydrocarbons, G%f 
s te r o id  hydrocarbons and k e to n e s , e ,g .  m ethyl dehydro- 
a h le to te ,  oho iestanone , f lu o re n e , docosane, h e x a t r i -  
aeobtaise, frie& el~ ?~ e re , end 1 ,1 5 -o en ted eean o lid e , 
cou ld  be ana lysed  a t  r e l a t i v e l y  m oderate tem peratures*
At that time we suggested that the way was open to a. 
considerable extension  o f  the ap'plication o f  0* L« C*,
©*g* rap id  screening o f  crude natural e x tr a c ts , subse­
quently employed in Section II  and by Homing (1961) 
fo r  skin waxes* B o -in v estig o t ion o f  d lterpen© and 
t r i t e rpene hydrocarbons, resin  a c id s , waxes and e s s e n t ia l  
o i l  co n s titu en ts , as was suggested , has been pursued 
by Kirk (1961) fo r  study o f marijuana c o n s titu e n ts , 
by Mazliak (1961) for the r e -in v e s tig a tio n  o f  apple wax* 
The examination o f  reaction  products (©*g* dehydro­
genation) also  mentioned, have sin ce  been stud ied  by 
Solo (1961)*
d*L*C. provides the lin k in g  thread in  the t h e s is ,  
fiv e  out o f  e ig h t  sec tio n s depending on 0.1*0* as the 
ch ie f means o f  id e n tif ic a tio n *  The methods o f  studying  
e s s e n t ia l  o i l s  are now la r g e ly  based on 6*1*0. a n a ly s is
b u t at the  beginning o f  our study o f  the e s s e n t ia l  o i l  
o f  Atvmawm. mala* th is  ap p lication  o f  0.I*.C. bad on ly  
s t a r t e d .  Having shown as mentioned above t h a t  the  
n -a lk a n es  O^Q-Og^could be analysed b y  0* L. C ., a s tu d y  
o f  a lk en es  in  p lant waxes was made end i s  re p o r te d  in  
S ec tio n s  I I  and I I I*  Although severa l p la n t  waxes 
bad been studied  by 0*1*. 0. in  the  in terven ing  p e r io d , 
th e  work in  Sections II  and I I I  represent the  f i r s t  
a p p lica tio n  o f  0#L* C. to many p lant sp ec ie s  in  se a rch  
o f  a taxonomic cr iterion *
The use o f  G.h.C* along w ith  in fra  re d  sp ec tro sco p y  
and mass spectrogrophy  hoe been dem onstrated  in  S ec tio n  
IV to  confirm  th e  assignm ents made to  c e r ta in  peaks in  
th e  wax' alkanes* In  Section V II, we a ttem p ted  to  show 
th e  h ig h  s e n s i t i v i t y  o f  the 0*1* 0. d e te c to rs  b u t were 
fo rc ed  to  admit th a t  the fern p r o th a l l i  a re  more e f f e c t iv e  
in  sen sin g  v ery  m a l l  q u a n titie s  o f  v o l a t i l e  m e ta b o li te s  
from fungi* The remainder o f  the th e s i s  i s  concerned 
w ith  th e  e lu c id a tio n  o f  the stru ctu res o f  severa l n a tu ra l  
p roducts*  wL in d le y o l,% a diterpene d io l ,  from Moiiium 
X ir& leyi ( Sempervi vo l&eae) i s  shown to be lhbdane-B ^ ' , 
1 5 -d lo l .  The functional groups o f  "Sherungulon©n, a 
s e a q u lte rp e n o id , from Kaerapfe.ria rose no (K ing lbernceae)
H G CHr? = cn ~ CK = on -  GO -
ares
CK* C H p ,  GE* CH H o ,  HoC = 0  R o  
-O H  0 H -
Fro® the study o f  the physical p ro p e rtie s  o f  two 
tr lte rp e o e  e th ers  from totndo oonspleua (&ramineae), 
i t  i s  suggested th a t one belongs to a novel t r i te rp e r e  
c la s s  and th a t the o ther i s  /3~amyrin methyl ether* 
0*L.C*, to-day, i s  meed almost e n t ir e ly  as an 
an a ly tic a l tool* Only in the case o f  the steroid® 
i s  0*L*C* making any contribution  other than a purely  
an a ly tica l one. The workers in  the s ter o id  f ie ld  
fe e l th a t i f  they could show a re la tio n sh ip  he tween 
re te n tio n  time and stru ctu re» they would help 
considerably in  the medical use o f  G*L*G* In th is  
f ie ld  progress i s  being made and i t  may he th a t the 
nature o f  a stero id  may be determined by comparison 
o f  re te n tio n  tim es o f  known s ter o id s  and Increments 
fo r  the d if fe re n t functional group®*
Since $«Xi»G* provide© a large  proportion  o f  the 
th e s is ,  a short review o f  the s ta te  o f  the technique 
fbllOWB*
The continued growth o f  gas l io u id  chrom atography
(G .L .O .) i s  so g re a t th a t  even ten  y ea rs  a f t e r  i t s
1 ,2 ,3 .
in c e p tio n f i t  needs review ing every  s ix  months*
The theory o f  gas l io u id  chrom atography was developed
e a r ly  in  i t s  h is to ry  by Keulemansf* Beemter^* and
Kwsntes^* and now most o f  the work i s  on s p e c if ic
a p p l ic a t io n s .o f  the  techn ique . S everal e x c e l le n t  
7 S 9 10hooks 9 9 9  * nave been p u b lish ed  on CVL.O. and i t  i s
proposed  to  deal here w ith  the  th eo ry  as  b r ie f ly  and 
sim ply  as p o s s ib le .
0*L*C. was f i r s t  in tro d u ced  in  1952 hy  Sanies and 
Martin11* who dem onstrated th a t  th e  v o l a t i l e  f a t t y  a c id s  
could  be se p a ra te d  on a column o f  crushed  f i r e b r i c k  
coated  w ith  s i l ic o n e  o 1 1 -s te a r ic  a c id . As the se p a ra te d  
a c id s  l e f t  th e  column, they  were trap p ed  in  a s o lv e n t ,  
c o l le c te d  in  a s e r ie s  o f  sm all b a tc h e s  so th a t  the  tim e 
o f  emergence from the  column could  be recorded* The 
amount o f  a c id  in  each sample was determ ined by  
t i t r a t i o n *  By. s ta n d a rd is in g  c o n d itio n s , i . e .  flow  
r a t e  o f  g as , tem perature o f  column, n a tu re  and amount 
o f  s ta t io n a r y  phase and p a r t i c le  s lo e  o f  su p p o rt, the  
emergence tim e o f  a compound can be taken  as 
c h a r a c t e r i s t i c  o f  that compound.
if “ ir
SfiaJL*
The e lu t io n  diagram (P ig , 1)  represent* a ty p ic a l
10chromatogram In  which th© "column r e s o lu t io n *  * i s
given by ana the %olirrm e ff ic ie n c y *0 01 + 01
b y  16 f f i  %
01
ftiftjfiit Changes in  Apparatus,
Bach p a r t  o f  the chrom atographic in s tru m e n t h as  
undergone change o r  m o d ific a tio n  s in ce  th e  i n i t i a l  
development o f  <S*I»*0* commercial ap p a ra tu s  in  1957*
The c a r r i e r  gas n o r in  moat general use i s  argon , 
in  p la c e  o f  the n itro g en  or hydrogen fo rm erly  used*
This retrograde step , since a gas o f  high " d iffu s iv lty *
such as argon leads to a lower number o f  th e o r e t ic a l  
p la te s ,  i s  n ece ss ita ted  by the Introduction "by L o v e lo ck *  
o f  th e  /$ - io n is a t io n  d etector , The new d etec to rs  ore 
v e ry  s e n s i t iv e  and e a s i ly  d etect any im purity in  th e  
c a r r i e r  gas* When the water vapour I t. argon r i s e s  
above t h i r t y  p arts per m illio n , the s e n s i t i v i t y  o f  the 
—Io n is a t io n  detector i s  g rea tly  red u ced ^ *  though 
th e  hydrogen flame io n isa tio n  d e te c to r ,  e q u a lly  s e n s it iv e  
l a  u n a ffe c te d  by water, Core i s  therefore taken  to  
remove w ater vapour by using a d rier  o f  ■molecular s ie v e  
(4  A)*
Due to  th© increased s e n s i t iv i t y  o f  d e te c to r s ,  
th e  sample s ls e  has been reduced from 5-10 ja 1# in  
k s th a ro m ete r d e te c to rs  to  0,01-Q*Xyu 1, in  p  - io n is a t io n  
o r  hydrogen flame io n isa tio n  d etecto rs . Sample 
in je c t io n  v ia  a  rubber septum on the column top  h as 
re tu rn e d  to  fa sh io n  a fte r  a departure to  columns 
re q u ir in g  the  gas flow to be in te r ru p te d  b e fo re  in je c t io n
Peak t a i l i n g  o f  high m olecular w eight compounds 
can b e  reduced by  use o f  a f la sh  v o l s t i l i s e r  which i s  
a sn a il  metal oven surrounding the top  for: in ch es o f  
th e  empty column above the packing m aterial* This oven 
i s  m ain ta in ed  30-40°0. above the  column tem pera tu re  and
8*
erasures th a t  a l l  o f  the sample la  vopourlsed and reach es
th e  column packing in  a plug* When m ix tu re s  o f  wide
b o i l in g  p o in t range are to be analysed* tem pera tu re
programming, in  which the  tem perature i s  r a is e d
g radually , throughout the a n a ly s is , i s  now b e in g  u sed
in  p la ce  o f  iso therm al an a ly sis*
$he sm all sample volume has perm itted the  p ercen tag e
s ta t io n a r y  phase cm the column packing to be reduced  to
0*1 «• 1*0^* Such a low x^roportion does n o t co v er a l l
th e  a c tiv e  s i t e s  o f  the support m ateria l which cou ld
cause 'decomposition o f  la b i le  samples* The su p p o rt and
th e  g la s s  column are th e re fo re  trea ted  with tr im e th y l
s i l y l  c h lo rid e  which n e u t r a l i s e s  many o f  the  a c t iv e
s i te s *  Th© usual support for the sta tio n a ry  phase
i s  C e l i te  «* a form o f  crushed k le se lg u h r  b u t  some a ttem p ts
IShave been made to  use micro g la ss  beads* * A new type 
o f  column -  the  Go la y  column -  in  which th e  s ta t io n a r y  
phase i s  coated along the w a lls  o f  a c a p i l l a r y  tube  in  
a  v e ry  f in e  f ilm  has produced remarkable in c re a se d  
r e s o lu t io n  a t  l e a s t  o f  the lower m olecular w eight 
hydrocarbons*6* Purnell1 *^ has shown however t h a t  
ce r ta in  separations con be carried, out om ially  
e f f e c t iv e ly  on packed columns. Go la y  columns18*
9 *
r e q u ire  very  sm all sanp los and the sample which I s  
in je c te d  i s  u su a lly  s p l i t  in to  two p o r ta  -  one "being 
d i lu te d  w ith argon b e fo re  e n te r in g  the  column *- the  
o th e r  I s  no t analysed* M ic ro -d e tec to rs  o f  v e ry  m a l l  
c e l l  volume must be used w ith th i s  type o f  column*
Most o f  the  analyses in  th is  th e s is  have been
1*5c a r r ie d  o u t w ith  a f t - io n isa tio n  d e te c to r  * whose 
o p e ra t io n  depends on the  fa c t  th a t  argon i s  e x c ite d  
to  a metaat&bl© s ta te  by c o l l is io n  with ft> -  p a r t i c l e s  
em itte d  by th e  rad ioactive 8r$® source* The 
e x c i ta t io n  energy o f  argon* 11*6 e lectro n  v o l t s ,  i s  
h ig h e r  than  th© io n isa tio n  p o te n tia l o f  most o rg a n ic  
m olecu les which in  tu rn  are io n ised  by c o l l i s i o n  w ith  
e x c ite d  argon* The increased current produced betw een 
the  e le c tro d e s  i s  am plified  and recorded* By 
in c re a s in g  the  ap p lied  voltage across th e  e le c t ro d e s ,  
th e  s e n s i t i v i t y  can be increased* A m o d if ic a tio n  o f  
th e  ft - io n is a t io n  d e te c to r  i s  the e le c tro n  ca p tu re  
u n i t  in  which compounds having a p a r t i c u la r  a f f i n i t y  
fo r  f r e e  e le c tro n s  are detected  in  the presen ce  o f  
o th e r  components with l i t t l e  o r  no a f f i n i t y  fo r  
e le c tro n s*  This detector has f a c i l i t a t e d  the  a n a ly s is  
o f  ch lorinated  compounds o f  such im portance in  p e s tic id e s *
The mass spectrom eter ‘ * has been used as e. d e tecto r  
fo r  6.L. C. and functions adequate ly  so long as th e  
I>eak slope i s  m ain tained  co n s tan t by means o f  
tem peratu re programming.
Wot a n a ly s is  o f  m ix tu res , the accen t i s  now on 
com binations o f  p h y sica l techn iques and in c re a s in g  use 
I s  made o f  the  p rep a ra tiv e  a sp ec t o f  G>L#C* In o rd e r  
to  o b ta in  a sample o f  the sep a ra ted  m a te r ia l  o n ly  a 
sm all p ro p o rtio n  i s  passed  through th e  d e te c to r  th© 
rem ainder through a s id e  e x i t  in to  a trap*  normal 
tra p p in g  methods o f  II-tubes and s p i r a l s  coo led  in  i c e ,  
dr ik o ld /a e e to n e  or l io u id  a i r  serve in  most c a se s  b u t 
some compounds -  e s p e c ia l ly  those ana ly sed  a t  h igh  
tem pera tu re  -  form a e ro so ls  when cooled  rap id ly*
Of) 0*1
R ecen tly  e l e c t r o s t a t i c  p r e c i p i t a t o r s ' h a v e  been 
u se d  to  condense these  fogs# Samples have been
oo
c o l le c te d  d i r e c t ly  in an in fra red gas c e l l  by  Chang*0* 
Th© g re a t beau ty  o f  0*1*0# has been th e  m u l t ip l i c i ty  
o f  column packings a v a ila b le  -  some in d u s t r ia l  a n a ly t i c a l  
la b o r a to r ie s  having a s e r ie s  o f  30-40 columns ready  fo r  
use* H ighly s p e c if ic  columns have beer: developed to  
d ea l w ith  sm all d ifferen ces in p o la r ity  o f  the compounds, 
e*g* s i lv e r  n i t r a te /g ly c o l  columns fo r  e th y le n ic  compound
Mixed packings o f  two s ta t io n a ry  phases' have been 
used  fo r  s te ro id  s e p a ra tio n , w hile  to  s e p a ra te  th e  fonv
OK
m enthol s te re o is o m e rs ,*  two columns o f  d i f f e r e n t
p o la r i t y  were required*
Short pre-colum ns are  used to  b r in g  about s p e c i f ic
changes in  th e  m ix tu re  to  h e  an a ly sed  -  u se  o f  b in d s  
o
6 A s iev e  in  s u b tra c t iv e  0.1*0* to  remove ^ - a l ip h a t i c  
hydrocarbons and p erm it passage o f  branched  ch a in  
h y d ro c a rb o n s^ * , the use o f  a calcium  ca rb id e  precolum n 
to  co n v e rt w ater to  ace ty len e  In  a n a ly s is  o f  aqueous 
so lu tio n s !^ *
S p e c if ic  A p p lic a tio n s*
I t  had lo n g  been r e a l i s e d  th a t  some group ings were 
too p o la r  to  a llow  easy  0*1* 0* so th a t  many p ro te c t in g
oa
p rocedu res have been used -  form ation  o f  m ethyl * and 
tr im e th y l s l l y l ^ *  e th e r s  o f  sugars, o f  t r t f lu o ra c e to x y  
steroids®®*# o f  s i ly s a te d  amino acids'#^* With th e  
in c re a se  in  use  o f  ra d io a c tiv e  tra cers in ch em istry  and 
b io c h e m is try , 0*1*0. has been used to se p a ra te  t r a c e r s  
whose r a d io a c t iv i ty  can be reco rded  by a s c i n t i l l a t i o n  
counter®^* as they le av e  the  column*
The separation o f  two o p tic a l isomers i s  one o f  the
most d i f f i c u l t  im aginable» but Goldberg tack led  th is  
problem by using on o p t ic a l ly  a c tiv e  sta tio n a ry  phase*
He had, however, to report failure/'"* Gore'/*** claim s 
to  hav© succeeded w hile Benny'’*3 * showed that racem laotion  
o f  o p t ic a l ly  a ctiv e  h a lid es  took p lace on 4 0 / p o ly ­
e th y len e  glycol*  Ho re la tio n sh ip  between reten tio n  
tim es and stru ctu res has been found but among the many 
a ttem p ts  are Actaan33* with f a t ty  a c id s ,  E o v a ts^ *  
w ith  a l i e y e l i c s ,  Horning3®* with s ter o id a l amines, 
C lay ton3^* w ith s ter o id  methyl e th ers and L ip sk y ^ *  
w ith s ter o id s  on twenty d iffe r e n t  sta tio n a ry  phases.
The trend for organic chem ists in  G*L*C* has been 
to try  to analyse larger and more com plicated m olecules
with the re su lta n t upward climb in  column tem peratures.
41Since ou r sh o r t  communication* * reporting the a n a ly s is
o f  some s te r o id  and t r i te rp e n e  hydrocarbons, o great
4 P- 43d ea l o f  work lias been done in the s te r o id  f i e l d /  *
McWilliams^* and P arries and Holland^4 * have d ea lt  
with a p p lica tio n s o f  0*1*0. to industry where the use  
o f  ehromatographs in process control i s  becoming w ide- 
spreadf®* Scott*^* has shown that cathode ray tubes 
in  p la c e  o f  p r in t out recorders can be used with short 
len g th s o f  c a p illa r y  co lu  mn i f  on ly  a v isu a l check i s
needed as In process con tro l*  Several s im p lif ie d  
explanations o f  (I* 1**0 . hove been given by Pec sole, ”* 
K e lle r^ *  and Lewinf®*
G*L*G* te a  been used in  conjunction w ith other  
physical techniques -  th in  la y er  chromatography 
( T. L* C*) * fo r  the study o f  methyl f a t ty  e s t e r s ;  
in f r a  red spectroscopy3®* for the s tu d y  o f  octadecanoic 
ae lds; paper chromatography and a lk a lin e  iso m e r iz a tio n 35,* 
fo r  f a t t y  a c id s  o f  Ohiorolla pyrenoldpsa.
Among the most unusual problems in  gas chromato­
graphy i s  th at o f  one manufacturer who i s  preparing  
an instrument small enough to  f i t  in to  an American 
space rocket*. I t  i s  hoped that when the apparatus 
lands on th© moon, samples o f  the moon dust w il l  be 
c o lle c te d  by th© instrum ent, p y ro llsed  a t 150°, $85°
500° and 1000°C* su cc ess iv e ly  and analysed* The 
record o f  the co n stitu en ts  data w il l  then be transm itted  
back to earth  and compared with that for  terror dust*
The s e n s i t iv i t y  o f  the new d etectors i s  very high but 
none can compare with the a b i l i t y  o f  Gypsy moth in s e c ts  
to sense two or three m olecules o f  a, sex a ttra c ta n t  
l ib e r a te d  by the female o f  the species* In the
sy n th es is  o f  th is  eompoI'Tid, *Tacobso vP * use cl 0 * -I*• 0» 
to  separate the  reaction  mixture hut in  stead  o f  a 
d e te c to r  they  used a mole moth which become a g ita ted  
When th e  a t i r a c i a n t  l e f t  th e  column* P ro g re ss  in  
0*1. C* has indeed  been g re a t  h u t  t h i s  *baek to  n a tu re*  
a ttem p t sounds l ik e  an adm ission o f  i n a b i l i t y  to 
raateh th e  l iv in g  s e l l*
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A 3TODY 01? T?E3 B5/-5BTIAL OIL 01?
AFBAHOMTiM MALA ( T?Ej? i;OI3QTS5P"iwI TH5ACTI0H) *
XBTBOPTJCfXOIf.
The is o la t io n  o f  th© two "tood i f le c t io n s ” o f  an
unusual hydrocarbon, C16H38’ named o( -  and ~keyene 
X *
by W v s ie y  was “brought to our a tten tio n  by Dr. Bray
o
o f  Tropical Fro duets’"* who very k ind ly  supplied  us with  
Afymoimm mala ( Zingiberaces©) seed s. Wo re la y  is o la te d
o{ ~ and fi -ksyene in h ighest proportion by fra c tio n a l  
d i s t i l la t io n  o f  the e s se n tia l o i l  o f  the seeds o f  
Aframomum mala though he claimed the presence o f  the 
kayeres In th© le a f  and fr u it  peel e s s e n t ia l  o i ls *
The e s s e n t ia l  o i l  o f  A.mala seeds was obtained in  3*4ff' 
y ie ld  by steam d is t i l la t io n  at two atmospheres. His 
f i r s t  free tio n a tio n  by d i s t i l la t io n  at reduced pressure  
gave a mixture o f  c in eo le  an&hcayere* which could on ly  
be further separated by- the removal o f  the c in eo le  as 
the reso rc in o l complex* Th© resid ual o i l*  <57^  o f  the 
o r ig in a l o i l ,  was further fraction a ted  by d i s t i l l a t io n  
a t reduced pressure over sodium in  a current o f  hydrogen 
in to  two "m odifications* of -  and /$  -kayene whose p h y s ic a l 
p ro p ertie s  were again w ell documented.
m >rsley form ulated  koyene as a hydrocarbon -
vapour density  dete rm in a tio n  o f  the riol o c u la r  w eight 
and C*H a n a ly s is  «• which i s  u n lik e ly  in  a compound 
which d i s t i l s  in  the same f r a c t io n  os c in e o le  and has 
e b*p* c o n s is te n t w ith  th a t  o f  a monoterpene (Cxq^oq)* 
Worsley had no f u r th e r  su g g estio n s to  make on the  
s t r u c tu re  o f  koyene h u t he co nsidered  that co ry o p h y llen e , 
the main c o n s t i tu e n t  o f  the l e a f  e s s e n t ia l  o i l ,  was 
changed to  kayene in  the  p ee l and to  c in e o le  in  the 
seeds* Kayene was sa id  to  co n ta in  a cyclopropane an d /o r  
cyclohu tane r in g  which suggested  i t s  s tu d y  would he v ery  
amenable to  the more modem techn iques o f  in f r a  red  and 
u ltr a  v io le t  spectroscopy  and g a s -4 ta u id  chrom atography 
((HZ'* C. )♦ Our steam d i s t i l l a t i o n  o f  the  seeds y ie ld e d  
an e s s e n t ia l  o i l  o f  s im ila r  b u t n o t id e n t ic a l  p h y s ic a l 
p rop erties to  th a t  o f  H orsley though in  much low er 
p ropo rtion*
PXSOIISSIOlf.
U n til  the  mid 1950* e a n a ly s is  o f  e s s e n t ia l  o i l s
ghad t w n  by c la s s ic a l  methods o f  alumina chroma to praphy , 
ca refu l fra c tio n a l d i s t i l l a t i o n 4 * and comparison o f  
o p tic a l ro ta tio n , sp e c if ic  grav ity  end re fr a c t iv e  index,
g*
Although these methods rare s t i l l  being used. ♦, at th e
in i t ia t io n  o f  our study o f  Af ramomum mein. Bexvahard''J* 
s ta te d  that the dramatic impact o f  0* L*0* would soon he 
f e l t  by a l l  workers in  the e s se n tia l o i l  f ie ld *  He then 
showed that by varying the sta tion ary  phase* reso lu tio n  
o f  certa in  monoterpenes could he improved* His prox>hecy 
has been v in d ica ted  hut reported progress in  e s s e r t ia l  
o i l  a n a ly sis  by 0* L* 0* has been slower than in the fa t ty  
acid  or hydrocarbon f ie ld s*  A nalysis o f  e s s e n t ia l  o i l s  
i s  fraught with d i f f i c u l t i e s  due to the presence o f  a 
la rg e  number o f  components o f  wide b o ilin g  p oin t range 
(ISO^-SbO0 )* o f  p o s it io n a l and geom etrical isomers and 
o f  compounds which 1 some r i s e ,  au tos! d is c , polymerize or  
dehydrate readily* Successful attempts to overcome 
these d i f f i c u l t i e s  have been made by Haves7 * -  a 
combination o f  fra ctio n a l d i s t i l la t io n ,  0*L*C* and I.R*j 
by L ibert i  and Carton!8*; a lso  Stohl and Trernheuser9 • ~ 
a combination o f  0* L*C* and s i l i c i c  acid  column and th in  
la y e r  chromatography; by Brenner10* -  removal o f  s p e c if ic  
compounds by m olecular s iev es; von Budloff11’ -  almost 
complete a n a ly sis  by 0*L*C. on sp ec ia l columns*
Most o f  the above methods have been developed and 
reported sin ce  the completion o f  our p ro ject and so we 
f i r s t  tr ie d  u nsu ccessfu lly  to separate the e s s e n t ia l  o i l
o f  Aframomum mol a by alum ino chroma to arophy an & fr  act io  1101 
d is t in c t io n *  Wo then analysed the e s s e n t ia l  o i l  by 
G«I#*C* on several sta tion ary  phases, Apleson L, s i l ic o n e  
o i l  and t r i t o ly l  phosphate before the b e s t  separation  was 
obtained on carbowax 600 (polyethylene g ly co l M# w. 600}#
The assignment o f  the various peak id e n t i t ie s  was made 
by determ ination o f  the r e la t iv e  re ten tion  tim es o f  known 
compounds and comparison with those for  the unknown peaks* 
Confirmation o f  these r e su lts  was obtained by an enrichment 
procedure in  which the known compounds were added one a t  
a time to fresh  portions o f  the A* mala e s s e n t ia l  o i l  and 
re-examined by ©. X»« 0. As further confirm ation, c o l le c t io n s  
o f  the ind ividual components by preparative sc a le  G* L* 0* 
and id e n t if ic a t io n  by formation o f  d er iv a tiv e s  were 
carried  out* A preparative sca le  G.L.C. u n it was 
designed and constructed to e f f e c t  th is  separation  based
TO
on an o r ig in a l design o f  Br* Blaclwian * as no commercial 
apparatus was ava ilab le a t the time* By such means i t  
was possible" to id e n tify  a l l  but one minor component o f  
the mo no terpen© fra ctio n  o f  the seed o i l  o f  A^maja (Table 1)* 
Klouwen and Held© have recen tly  begun a system atic  
a n a ly s is  o f  monoterpene hydrocarbons in  which they claim  
th a t sabinene Is  decomposed by 0*L*G. a n a ly sis  on
s i l ic o n e  f lu id  sta tion ery  phase* fo  have accounted fo r  
th e  disappearance o f  the sabinere peak in  run 1# Table X 
by assuming that th is  s ta t io n a ry  i3iio.se does not re so lv e  
-p in en e  and sab inane, I t  seems u n lik e ly  that complete 
decom position occu rs since our c o lle c t io n  o f  sab irere  
from o i l  o f  savin was accomplished on a .s ilico n e  f lu id  
column#
In  s tu d ie s  o f  e s s e n t ia l  o i l s  which may c o n ta in  
tw enty  to  tw enty f iv e  m ajor and m inor c o n s titu e n ts#  very  
sm all q u a n t i t ie s  are  now re q u ire d  -  5-10 mg, f o r  
com parative 0*1,0 , -  and S«*3 ml. fbr p re p a ra t iv e  0 .L .c. 
A n a ly s is  o f  many o i l s  a re  therefore r e l a t i v e l y  easy  and 
should  f a c i l i t a t e  s tu d ie s  o f  b o ta n ic a l v a r ia t io n s ,  p la n t  
physiology# morphology and taxonomy* I t  i s  i n t e r e s t i n g ,  
in  t h i s  sense# to  note the chemical s im ila r ity  o f  re la ted  
sp e c ie s  and to  sp ecu la te  on a c l a s s i f i c a t i o n  o f  the p la n t  
in  th e  N atu ra l O rder hy G.L*C* In  th e  gingiberaeese  
fam ily# f o r  example# a comparison# as below , can be made, 
though th e  e s s e n t ia l  o i l s  o f  f a  ansm stlfp.lfum  and 
1 , cardamomum were analysed by  o ld e r  co n v en tio n a l m ethods 
and th a t  o f  f a  mala i s  th e  re su lt  o f  our work by G.L.C,
Aframomim
mala
Agramamum14 * B le t t a r i a 3,4
anraxsti folium cardsegomura








e in e o le
lim onene
c in e o le
d lnen tene
limonene
c ir e o le
te rp in e o !
From th e  proposed b io  gene t i c  pathway (F ig , 7) i t  
can be seen th a t  though g e ra n lo l i s  the  p re c u rso r  o f  
b o th  sabinene and o(-p ln e n e , th e re  I s  a b ran ch in g  o f  
th e  pathway* It.w o u ld  he in te r e s t in g  to  see i f  by  
supp ly ing  la b e l le d  sobinene, the  p la n t  cou ld  m e tab o lise  
I t  to  the  pinan© skeleton*
The f ra c t io n a t io n  which H orsley was ab le  to  ach ieve  
between oi ** and ^-kayene was c e r ta in ly  n o t a. s e p a ra tio n  
between two eeso u ite rp en es ( s in c e  the b o i l in g  p o in ts  
a re  much too low}* I t  seems l i k e ly  th a t  Vtorsley 
p a r t i a l l y  sep a ra te d  /S -p inene and sab in en e . The 
c o n s t i tu e n ts  o f  the mono te rp en s  f r a c t io n  o f  th e  e s s e n t i a l  









Iso la t io n  o f  the E s s e n tia l  O il 
off Aframommn m ala#
The th re e  segments off the f r u it s  off Afvsmomm mala 
( S in g ib eraceae) * which are sim ilar  hut la rg er  than the 
cardamom f r u it s  contain aark-brown shiny ovoid seeds* 
Steam d is t i l la t io n  off the seed s, macerated (hut not 
ground) In  w ater in  an A tonlx for two m in u tes , y ie ld ed  
an o i l  (1.5?% n f 5 1,4668; ifcrsley  ’ reports S.^%
n l.A89^)« The o i l  was extracted  with l ig h t  oetroleum* D “
m  
I)
f h is  ex tra c t was dried with sodium su lphate, f i l t e r e d  
and the so lven t removed under reduced pressure.
oueut o f  the type m ggested  hy Wbrsiey,
VO
In tv s  red  ab so rp tio n  bands o f  the  e s s e n t ia l  o i l  a t  
55080, 1650, 890 cm*~^ are  duo to  an eaKriethyleise group, 
a t  5500 cnw~^ due to  a sm all ts tx m t  o t  a lc o h o l, and a t  
10X0, 1160, 1085 , 980 crrtl^ due to  an e th e r  l in k a g e , 
pm bm bly e ln e o le  from WTBley* s  an a ly s is*  ghe u l t r a  
V io le t  ab so rp tio n  - ( ^ max^X98 m n , £ »8S80 assuming 
H»ff» « 155 in  a lc o h o l)  confirm ed the  p resence o f  th e  
e th y le n ie  linkage*
In  t h i s  e x t r a c t  I t  was imix>8Sit>le to  f in d  a comp**
A
f a r t h e r  e x t r a c t  was th e re fo re  p rep ared  b y  s te e p in g  th e  
seed® (100  g*) in  l i g h t  p e t ro l  (4©~60°, 500 ml*) fo r  
t mo to  th re e  days a f t e r  which th e  l i g h t  p e t ro l  was 
f i l t e r e d  o f f  and a fu r th e r  p o r tio n  (500 ml*) o f  l i g h t  
p e t r o l  added* A fte r  s  fu r th e r  two to  th re e  dogs th e  
two l i g h t  p e t ro l  p o r tio n s  were eomMned and d r ie d  o v er 
©odlrn su lp h a te*  She e x t r a c t  (4  g„) rc m a ir irg  a f t e r  
Hi® f l u e n t  had h e a r  removed under reduced  p re ssu re  was 
d i s t i l l e d  to  g ive two f ra c tio n s *  l*he f i r s t  f r a c t io n  
( 8 W # ,  8  ima*) which should  h am  co n ta in ed  toyene  
( f b r s le y  8 5 ,8 0 /8  gave a 0*L*C« a n a ly s is  v e ry
s im i la r  to the steam d i s t i l l e d  e s s e n t ia l  a l l  and the  
second f r a c t io n  ( 40-lGC^/B mo*) c o n s is te d  o f  a m ix tu re
of* compounds whose Trolling p o in ts  were more c o n s is te n t  
w ith  kayene1 s form ula O^Hgg* lb  one component in  
t h i s  second f r a c t io n  was p re s e n t to  th e  e x te n t o f
Attempted S ep ara tio n  o f  the. Steam D is t i l l e d  E sse n tia l. O i l *
The in f r a  red  absorption spectrum  o f  each o f  the  
f ra c tio n s *  o b ta in e d  by  d i s t i l l a t i o n  a t  reduced p re s s u re ,  
was s im ila r  to th a t  o f  the s t a r t i n g  m ateria l * Alumina 
chromatography {dra&e I ) ,  which has ’been used  to  s e p a ra te  
the c o n s t i tu e n ts  o f  Puerto Rican Bay O il"-'* , removed 
c in e o le  and the  a lco h o l but a G*L*C* a n a ly s is  o f  the  
hydrocarbon f r a c t io n  showed th a t  the  p ro p o rtio n s  o f  the  
in d iv id u a l components were unchanged*
A n a ly tic a l .s tu d ie s  o f  th e  Steam D is t i l l e d  E s s e n tia l  O i l *
Q u a li ta t iv e  1 k  s e r ie s  o f  an a ly ses  by  G»L*c* i s
shown in  Table I* The r e l a t iv e  r e te n t io n  tim es o f
known compounds were determ ined under the  same column 
con d ition s as each o f  the  runs shown, and co n firm a tio n  
made by en rich in g  samples o f  the e s s e n t i a l  o i l  w ith  
these known compounds* I t  can he seen th a t  whereas 
the  components are  e lu te d  in  b o ilin g ' p o in t o rd e r  from a 
non-»polar s ta t io n a r y  phase (Apieoon L) a p o la r  phase 
(■polyethyleneglycol) rev e rsed  the e lu t io n  o rd e r  o f  pe^ks 
5 and 6 (lim onene end c in e o le )•
Q uart i  t  a t i v e * I t  was found Im possib le to  fo m
1 r
the c in e o le -r e  so rc in o l complex^* from the e s s e n t i a l  o i l  
confirm ing th e  f a c t  th a t  c in e o le  was p re s e n t to l e s s  
th en  68$* To determ ine th e  q u a n tity  o f  c in e o le  in  
the e s s e n t ia l  o i l  by the  method o f  C ross, Gunn and
1 p
Stevens th e  o p t ic a l  d e n s i t ie s  o f  a s e r ie s  o f  carbon 
d is u lphide-cineo 1 e m ixtures o f  known com position ( i n  
96 mm* c e l l s )  were measured a t  th e  0 -0  s t r e tc h in g  
v ib ra tio n  1080 cituK The o p t ic a l  d e n s ity  o f  th e  
mixture o f  th e  e s s e n t i a l  o i l  and carbon dlsu lph ide  
was measured and from Figure 1 the  w eight p ercen tag e  
O f  c in e o le  was c a lc u la te d  as S9?»
The f i r s t  method o f  determ ining the percen tag e  
com position o f  a m ixture by $*L*C» a n a ly s is  i s  the 
1 marker m e t h o d * in  which a s e r ie s  o f  m ix tu res  o f  
known com position o f  X*8~ e in so le  and p-eymon© ( th e  
marker -  a compound -  not p re se n t in  th e  m ix tu re  to  
be analysed , which has a r e te n t io n  time d iffe r e n t  from 
a l l  the o th e r  peaks) was prepared and ana lysed  under 
co n d itio n s as in  run 6 , Table I* The a re a s  o f  the  
p-eymene -  c in e o le  peaks fo r  each m ix ture were then  
measured by p la n im e te r  (overage o f  s ix  v a lu es  f o r  each 
peak) and p lo t t e d  a g a in s t  the mole r a t io  no in  F igure  £*
A known weight o f  p-eymene. y?o.b added to  the  e s s e n t i a l  
o i l  Which was then  analysed* From the a rea  r a t i o  o f  
the c in eo le  and p-cymene peaks th e  m olar r a t io  cou ld  he 
read from Figure 2 g iv in g  th e  percen tag e  c in e o le  in  the  
e s s e n t ia l  o i l  as 89A* The r e s u lts  o f  s im ila r  experim en ts
fo r  -plnene and lim onene are shown in  Table II*
■ In the * in te rn a l  n o rm a lisa tio n  method* the  a re a s  
o f  a l l  th e  peaks in  th e  e s s e n t ia l  o i l  (F ig u re  3) a re  
measured by the p la r im e te r  ( th e  average o f  s ix  v a lu es  
fo r  each peak)* The p ercen tage  o f  each component i s
given ass  f .^ P.......
n»n where A « area  o f  peal: n*
n*l
I b is  In tern al norm alisation method assumes th a t  the  
d etecto r  response i s  the same for  each component 
ir r e sp e c t iv e  o f  chem ical type* From the  m arker method 
and the I.E . d e te rm in a tio n  i t  i s  known th a t  th e  percen tage  
c in e o le  i s  much h ig h e r than o b ta in ed  by the  in te rn a l  
norm alisation  method su g g estin g  t h a t  the d e te c to r  
response i s  very d i f f e r e n t  fo r  c in e o le  compared w ith  
the hydrocarbons* By assuming th at the a rea  o f  th e  
peak in  the I n te rn a l  n o rm a lisa tio n  method re p re s e n ts  
o f  th e  t o t a l  m ix tu re  I t  i s  p o s s ib le  to c o r re c t  a l l  
the o th e r  a re a s  which agree w ith  the  v a lu es  found by  
th e  m arker methods*
Beale Compound I n te r n a l  HormaXi n a tio n  Marker
JBlt. Area
5*.
% of*.pln©n© 1 1 IS IS
2 ^-plnane » . 21
S sahinen© I f 14
4 6/  ~phellan&rene < 1 < 1
$ llmonan© IS • IS 1 2
6 l* 8 -*cineole ss $9 S9
f unknown < 1 < 1
*Area percentage with the correction  fo r  c in e o le  *
Separation  o f  C onstituents of, the, F s s e r t l a l  O il 
fry P re p a ra tiv e  (KL» G«
A la rg e  s c a le  p re p a ra tiv e  thL* G. column^®* was
constructed  as  in  F igure 4* S ep ara tio n  was c a r r ie d  
ou t a t  155° on a 90?. s i l ic o n e  o i l  column to  give fo u r  
fr a c t io n s , c o l le c te d  in  the tr a p s  o f  sim ple design  
cooled  w ith  11 oui& a i r  a t  the  p o in ts  shown, on F igure  5 f 
Which were then  analysed  on the  a n a ly t ic a l  sc a le  Pye 
Argon Chromatograph (P*A*C* ) ,  (F ig u re  6 ) .
1*he f i r s t  f r a c t io n  (n^*®  1*4650? h* >. 154-155°/.}
760 mm., ( of-pinene « | s  1 .4653 , t>.p, 154°/75Q m . ) 1 5 »a , » 
had an I .E . ab so rp tio n  spec tram  id e n t ic a l  w ith  ^ '-p in en e  
(a  sample p repared  "by chroma to  praphy on the p re p a ra t iv e  
se a l*  0 *li* 0 . from commercial ix~pin a n e ) .
Brwp&ration-of the h itro so ch lo r  1 &e off gc-pi?^en©f* *
Ethyl n i t r i t e ,  p rep ared  by d ro p p in g  40* sodium 
H itrit®  (SS m l*) and e th an o l (S ml..) in to  5QC* s u lp h u r ic  
a c id  (BO ml*) and e th an o l (8  m l*) was passed  in to  a 
s t ir r e d  ic e -c o o le d  so lu tio n  o f  c o n c e n tra ted  h y d ro c h lo r ic  
a cid  (1*5 m l*) and o( -pinen© (G.75 m l .) .  A fte r  a l l  
the gas has been passed  the s t i r r i n g  was continued f o r  
h a l f  an hour w hile  a p a s te  separated which s o l i d i f i e d  
on tr itu r a tio n  w ith co ld  e th an o l (fX -p inene n i t r e s o c h lo r id e  
ra*p* l ls P )#  The m ateria l from the f i r s t  f r a c t io n  on 
treatm ent as above gave a s o l id  (m.p. 113-114~ » m ised 
m*p* 110-114°)*
G.L. C. a n a ly s is  o f  the second f r a c t io n  (Figure 6) 
(a^*® 1.4700, b*p* 164-165°/760 ran*) allowed the  presence 
o f  two components though the I .E . absorption hands o f  the  
mixture a t  SOSO, 1650 and 790 cm?* were consistent w ith  
an ©asomethylene group. /3 -p ineno  (n |* * s  1 .4778 , 
b .p*  164.5°/760 rnm.) had the  same r e l n t i  vo r e te n t io n  
time as th a t  o f th e  f i r s t  component in  the  m ix tu re .
I t  was known th a t  sab inene (n^ 1.466 b .p .  165°/7S0 mm.) 
f r a c t io n a te d  along w ith  s  —pinone and th a t  i t  a lso  
co n ta in ed  an exomethylene group* Samples o f  the  o i l  
o f  sav in  were ana lysed  on the p re p a ra t iv e  sc a le  $*I*.C. 
u n t i l  a f r a c t io n  co n ta in in g  *?0f. sabinen© was c o l le c te d .
£50
P re p a ra tio n  o f  sab ina  ketone and nonlnone.
-p inone (0 .5  m l#) was o so n ised  in  e th y l a c e ta te  
(5*0 m l . ) a t  -60° f a r  one h o u r. Hie re s id u e  rem aining 
a f t e r  removal o f  e th y l a c e ta te  under* reduced p re s s u re ,  
was covered  w ith  w ater and steam d i s t i l l e d  to  give an 
o i l  whose 0 .L .C . a n a ly s is  ( 6^  carbowax on e e l l t e  ( lo o -  
ISO mesh) a t  119° in  P.A.C*) showed th e  p resence  o f  
unchanged hydrocarbon and ke to n ic  m a te r ia l  (no p i rone) 
( r e te n t io n  tim e « 6*2  rains.)* Hie sabiner.e c o n ta in in g  
f r a c t io n  was s im ila r ly  o so n ised  to  g ive a m ix tu re  o f  
Sabina ketone ( r e te n t io n  time « 8 .1  m irs# , c o n d itio n s  
SS * above) and a m inor component ( r e te n t io n  tim e » 6 .6
-■im ln s .)• Hie in f r a  red  ab so rp tio n  a t  1725 cm? ( th in  
f i lm )  was due to  a carbonyl, co n jugated  w ith  a ey c lo -  
propane r in g  (d ih y d ro -^  -xeabellu lone, 1726 cm. )/"*
The second f r a c t io n  from A.mala e s s e n t ia l  o i l  mas 
a ls o  ossonised to  give a m ixture o f  k e to n es ( r e te n t io n  
tim e a 6*6  m in s . , and 3*5 n in s . )  "hose I .E . ab so rp tio n
a t  1715 o n ly  I s  eerased toy th e  la rp e  p ro p o rtio n  o f  
noplnone and srnall p ro p o rtio n  o f  sobina k e to n e .
The t h i r d  f r a c t io n  ( n ! f ’b 1 .4723 , to.p. 174-176°) 
was co n s id e red  to  toe lim onene (n 0  1*47*35, to .p . 176-176 .5°) 
s in ce  th e ir  r e la t iv e  r e te n t io n  tim es were i d e n t i c a l ,  
(H itroB octoloride o f  f r a c t io n  6 (m ,p. 107-109°),
n itro so ch lo r ld e  o f  d-limonene (ra,p, 101-103°)*
g l  5
The fo u r th  f r a c t io n  (nD 1*4635, to.p. 176°) had 
an X.lh spectrum  which was id e n t ic a l  w ith  th a t  o f  
1 ,8 -o in e o le  ( n |X,B 1 .4669 , Ts.p, 1 7 6 °), A c in e o le -  
reso re in o l complex (m,p« 7 # ,  lit*m ,p# 7 T0 } was formed 
toy mining a saturated  r e so r e lm l so lu tio n  w ith  th e  













1 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0
2 1*26 1.78 1 .50 1 .46 1 .43 1 ,87
S ** *•- 1 .23 1.80 - 2,08
4 ~ 2.37 *» 1*78 2 * 0 0 . i n
§ 1*68 2.90 1 .98 2.30 2*83 3,56
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Ap*h. Ap *Tj *
80? 
PE© 600 PEGS
PSJ 80 8 8 107 76 148 SO
E ffic ie n c y  
7. P . / f t .  400 1280 240 570 800 400
EtiUti&s
The peaks re p re se n ts  $o .l-t ^ -p in e n e  ( tu p ,  165°) .;
Bo*2, /3-pinene (h .i) . 164°); I3o*3, sah inene (b .p .  164°);
Bo#4» c^-phellandrene (h.p* 171° ) j Ho, 5 , lim onene 
(fc.p* 176°}; HOftC, c in e o le  (h.p* 176°); Ho.7 , u n k n m u
S il l*  represents SIX leone f lu id ;  T. T* P . , t r i t o ly l  
phosphate; Ap*L*» Apieson L; PBO 600, polyethylene  
g ly co l te*% 600; PE© 15409 polyethylene g ly co l M* w, 1540 
PES 4000» polyethylene g ly co l M* W. 4000*
E ff ic ie n c ie s  are  c u o te l  in  th e o re t ic '' 
foo t*  %'?»/f t .
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F I G. I
P lo t  o f o p t ic a l  d 
for  so lu tio n s  o f
e n s i ty  a g a in s t  c o n c e n tra tio n  
c in e o le  in  carbon d isu ln h id e
a n a l / s i s  as in  Tim 6*













F I G. 5
P re p a ra t iv e  C.L.C* on f i r e b r i c k  coated w ith  20k s i l i c o n e  
o i l  a t  155° •  Traps were changed a t  p o in ts  marked i #
The ace to n e  peak was due to  th e  so lv en t which was used
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F I G .  4
Drawing o f  th e  p re p a ra tiv e  sc a le  G*X**0. ap p a ra tu s  
showing in je c t io n  p o r t? p re h e a te r  and an i n s e r t  o f  the  
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COMBI1!  15JTSTTTB OF HJOT WAXES.
XMTRD PI JCTIOM*
The occurrence o f  a waxy co a tin g  on p la n t  le a v e s  
1 ® an almost u n iv e rsa l phenomenon, h u t  the  d e ta i le d  
chemical in v e s t ig a t io n  o f  the c o n s t i tu e n ts  o f  t h i s  
p ro tec tiv e  covering  has a t t r a c te d  l e s s  a t te n t io n  than  
might he expected* This i s  due in  la rg e  p a r t  to  th e  
formidable problems o f  se p a ra tio n  invo lved  in  the  s tu d y  
o f  such a complex m ixture o f  c lo s e ly  r e la te d  lo n g -ch a in  
a lip h a tic  components. The m ost o u ts ta n d in g  c o n t r i ­
b u tio n  has been th a t  due to C h ib n a ll and h i s  c o lla b ­
o ra to rs^ *  in  the  1950* s  u s in g  the c l a s s i c a l  method o f  
f r a c t io n a l  c r y s ta ll is a t io n , and employing as p u r i ty  
c r it e r ia  p re c ise  m e ltin g  p o in ts  coupled  w ith  X-ray 
d e te rm in a tio n  o f  c r y s ta l  long-spac lngs*  T heir c a re fu l
work dem onstrated th a t  many p re v io u s ly - is o la te d , "pur©**
1components were in  f a c t  m ixtures** The main c o n s t i t ­
uent© o f  l e a f  waxes as determ ined from th i s  and l a t e r  
work^-*^* are  shown In Table 1, T his l a t e r  work 
employing the  combined tech n iq u es o f  g as-1 in u id  
chrom atography and mass sp ec tro m etry , has com plica ted  
the  o r ig in a l  p ic tu re  d eriv ed  from the e a r l i e r  work*
!58,
TABLE 1«
Ma.1or C o n s titu e n ts  o f  L eaf Tfp py* O _
lype Hange Frequency
Alkaaes Bformal j odd
K bm al 5 even O ^q-C ^
Branched 5 Co^-C,**
rU f  O O
Common ( e s p e c ia l ly  
0r>9 and fJ«51>
Common m inor 
c o n s t i tu e n ts
In fre n u e n t
A lcohols 
(u su a lly  as 
e s te r s )
Primary? even 
Primary? odd C^g-Cg^ 
Secondary? odd C^-C^g 
B io ls  and ice to la
Common
In fre q u e n t
Common
Pare
rerpene a lco h o ls In fre q u e n t
Aldehydes 
( a s  polymers)
lo m a ls  c 0 „ ~ c„ .( , ' i jQ  c.xl- t a r e
Ketones D i-n -a lk y l k e to n es ta re
A cids
(u su a lly  
as ea ter s)
normals even G^-Cg^ 
Normal? Odd Gx5~*^8S 
K etoacida 





t s t e y s Between n -a c ld s  and 
prim ary  and secondary 
a lco h o ls
Common
I s to l ld e s  o f  hy&rorsy* 
acids*
Infrequent?
To take one example, the Idoo o f  tlic ex c lu s iv e  o ccu rren ce  
o f  odd cartoon number n~elkanes has had, to  toe m od ified  
in  view o f  the d e te c t io n  o f  e ven~nuratoered n-alkanes®*^* 
and o f  toranched-chain alkanes'*'5^ * Xt i s  c e r ta in  th a t  
more widespread a p p lic a tio n  o f  the above techniques 
w il l  r e su lt  in  co n s id e rab le  fu tu re  m odification  o f  
the in fo rm ation  co n ta in ed  in  Table 1 *
As p a r t  o f  © thorough in v e stig a tio n  o f  the chem ical 
co n stitu en ts  o f  a group o f  Her? Zealand p la n ts  o f  
m edicinal va lu e , s t i l l  toeing c a r r ie d  o u t toy members 
o f  the Experimental Pharmacology S ec tio n , we undertook 
to examine the wax f r a c t io n  o f  these p lan ts*
O r ig in a l ly  in v e s t ig a t io n s  o f  the  Hew Zealand 
p lant waxes were perform ed on the  t o t a l  l i g h t  p e t ro l  
e x tr a c ts , tout ln te rp r e ta  t  ion o f  the  G.L*C* chromatograms 
was exceed ing ly  d i f f i c u l t  ( f ig *  10a) s in ce  the t o t a l  
l ig h t  p e tro l  e x t r a c ts  p robab ly  co n ta in  se v e ra l homo­
logous s e r ie s  o f  compounds, e.g* n -a lk a n e s , i s o - a lk a n e e « 
n -a lco h o ls  and e s te rs*  I t  was dec ided  to s tu d y  o n ly  
the alkane components s in ce  th ese  can toe r e a d i ly  removed 
from the accompanying a c id s , a lc o h o ls , k e to n es  and 
e s te r s  w ith o u t f r a c t io n a t io n  o f  the a lkanes the, use Ives* 
However, s in ce  t h i s  s tu d y  was com pleted we have 
a ttem pted  to  o b ta in  a taxonomic f in g e r p r in t  based  on
a l l  o f  the components (cf* f i g  10a) * To do t h i s  a 
small p iece  o f  plant l e a f  was p laced  in  the p re h e a te r  
region o f  the 0 *L, 0 * column and a l l  o f  the components 
Of the wax which can he vaporised are detected  prod­
ucing a pattern o f  u n id e n t i f ie d  peaks. I t  i s  no t y e t  
known however i f  th is  p a t te rn  i s  co n s is te n t o r  
c h a r a c te r is t ic . Should i t  -prove f e a s ib le  to  o b ta in  
a c h a ra c te r is tic  p a t te r n ,  we w il l  hove reached  the
1 Astag© which Kreger s tro v e  to a t t a i n ,  K roger 
scraped a sm all p o r tio n  o f  the  wax from a p la n t  and 
tr ie d  to  analyse  i t s  com position by X -ray c r y s ta l lo ­
graphy* However, s in ce  the method i s  dependent on 
the spaeings and i n t e n s i t i e s  o f  l i n e s  in  an X-ray 
photograph, i t  i s  l im ite d  to  o n ly  th e  m ajor c o n s t i tu e n t  
o f  waxes. Thus when Kreger a p p lie d  h is  f in d in g s  to  
th« natural r e la t io n s h ip s  o f  p la n ts  he was fo rced  to 
suggest that the waxes had no taxonomic s ig n if ic a n c e . 
This I s  no t s u rp r is in g  When i t  I s  soon that he claim ed 
th at the wax o f  C opern icta  c e r l f e r a  (camsmba wax) 
co n sis ted  of- 11 alm ost pure n -C ^  ,k(ef*  fib ,50, f ig ,9 B )  
The taxonomic im p lic a tio n s  o f  t h i s  s tu d y  o f  New 
Zealand p lant waxes became ap p aren t as the an a ly se s  
o f  the alkane c o n s ti tu e n ts  were obtained . The
an a ly ses  were c a r r ie d  o u t o v er a range o f  C^g-C^g 
carbon numbers and i t  was p o ss ib le  to  ana ly se  a l l  o f  
the c o n s ti tu e n ts  (minor as w ell as m ajor) o u a r t ita t lv e ly  
a® w all as a u a lx ta t tv e ly ,  improving co n s id e rab ly  on 
Kreger* s m ajor c o n s t i tu e n t  analyses* Such taxonomic 
p o s s ib i l i t i e s  had been hoped fo r  b y  analogy with the 
f a t  and e s s e n t ia l  o i l  f ie ld s ^ *  e s p e c ia l ly  in  th e  genus 
which i s  w ell known fo r  th e  ease  with which h y b ri­
d isa tio n  o ccu rs and Miss Moore* 0*B .l .  * Botany .'Division* 
B. S* I* K« * W ellington* Hew Zealand, c a r e f u l ly  s e le c te d  
rep resen tative  sp e c ie s  o f  the  subgroups in  h e r r e c la s s ­
i f ic a t io n  o f  the gem s*
At t h i s  s tag e  i t  i s  w orthw hile c o n s id e r in g  the 
b io g e n e s is  o f  the  p la n t  wax c o n s titu e n ts*
Bio gene Sl s s I t  should be no ted  th a t  no work has been
done on the b io g e n e s is  o f  the c o n s t i tu e n ts  o f  the 
surface l e a f  wax| the  p o s tu la te s  o f  C h lb n a ll and 
Wanlsss a re  made w ith  re fe re n c e  to the t o t a l  p la n t  
c o n s titu e n ts*  With so l i t t l e  work d i r e c t l y  concerned 
with the p la n t  wax c o n s t i tu e n ts ,  m ost o f  the co n c lu s io n s  
and su g g estio n s in  th i s  s e c tio n  are  made by  analogy 
w ith  the  work on g ly ce rid e  f a t t y  a c id  b io g e n e s is .
0?he two main b io  gene t i c  ro u te s to  the  nor.-ni t  ro genous
p lan t products are  f i r s t l y  trie a c e ta te  ro u te^ *  to 
f a t t y  a c id s , aroma t i c s ,  te rp e n es  and o th e r  b ranched  
compounds, and secondly the sh ik im ic acid"**®* ro u te  to  
l ig n in s  and aro m atics , e*g* eounarins* A cetic  a c id  
ha© long been accep ted  as p lay in g  a le a d in g  ro le  in  
the b io g en esis  o f  p la n t products and one o f  the 
e a r l ie s t  th eo ries  concerning the  form ation  o f  arom atic  
compounds by the p la n t ,  by Collie^®* p o s tu la te d  a 
polyketone (fig #  1 ) deriv ed  from a c e t ic  a c id  u n its#  
B irch^ * has very e le g a n tly  v in d ic a te d  and extended 
th is  p o s tu la te  w ith  examples such a s  a re  shown in  
f i g ,  i ,
O lyceride f a t t y  ac id  s y n th e s is  was though t to he 
©imply a r e v e rs a l  o f  -o x id a tio n  s in c e  C lo strid iu m  
k lu y y er ii could  degrade o r  sy n th e s ise  a c id s  in  a e ro b ic  
or anaerob ic  co n d itio n s  re sp e c tiv e ly #  Vov many y e a rs  
a f t e r  Knoo$s^s * f i r s t  su g g estio n  o f  /3 -o x id a tio n  as  
the means o f  degrading f a t t y  a c id s ,  i t  was f e l t  th a t  
there was an l!a c tiv e  e s t e r ” formed to  accom plish t h i s  
breakdown* This e s te r  was shown to  he th e  th io  e s t e r  
o f  the  ac id  w ith  Coen syne A# -O x id a tio n  m ust he
0*3
sparked by a member o f  the c i t r i c  a c id  cycle* -’* and 
re q u ire s  Mg®*, and A#>!#P# (te rm in o lo g y  as in
fig*  £©)* fhe probable mechanism o f  ^ - o x id a t io n  i s
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as  In fig*  2 with c i t r i c  a c id  f u l f i l l i n g  th e  second p a r t  
o f  the eoensyme d e f in i t io n  (see  b elow )* C lo str id iu m  
k lu y y e r i i  could o n ly  co n v ert a c e ty l OoA to  sh o r t  chciij) 
g lycerid e  f a t t y  a c id s  and I t  was l a t e r  shown th a t  th e re  
are two means o f  lengthening the  acid  chain!****
fhe f i r s t  method depends on the  use  o f  anim al o r  
p lan t m itochondria  to  prov ide the  ensyme system  which 
can elongate the  a c id  chain .“by one C0 u n it a t  a time*
t . j
S te a r ic , p a lm itic ,, a C^q a c id , m y rlstic  and 1 a u r ic  
acid s are produced by  the  m ito ch o n d ria l system whereas 
by the non-mitochon& rial system , p a lm itic  a c id  o n ly  
I s  produced* fhes© f in d in g s  are  in  agreem ent w ith  
those found in  the animal m itochondria  where s t e a r ic  
a cid  can he formed from palm itic  by addition  o f  a 0 S 
u n it  hut the reverse process cannot occur* Once
s te a r ic  acid  i s  started  on a f t  -o x id a tio n  pathway, 
i t  i s  Im possible to  obtain  in term ediates b e fo re  
a ce ty l CoA i s  produced (f ig *  3)*
R>otnote;
1,A coensyme i s  an e n t ity  which can form a complex 
with an ensyme to  c a ta ly se  th e  reac tio n *  I t  la  
e s s e n t ia l  th a t  a second enzyme system i s  p re s e n t to 
re c y c le  the used coensyme which must o th e rw ise  be
In  the  BOMnitoelioDcirlnl system , b ic a rb o n a te  ion
i s  a req u isite#  'The f i r s t  interm ediate lias been shown
S5*to  he malonyl CoA' which then  p ro v id es a l l  the carbor.
o f  th e  chain  excep t the  two f a r th e s t  from the  carboxyl
which a c e ty l GoA p ro v id es (F ig , 4 ) .  Prop lo ry !  CoA''0*
can he s u b s t i tu te d  fo r  a c e ty l GoA w ith  the  form ation
o f  a acid*
The b io g en esis  o f  terpenes i s  a lso  dependent upon
the  a c e ta te  mechanism h u t here  the  f i r s t  in te rm e d ia te
i s  m evalonic acid®7* whose form ation  I s  b e l ie v e d  to
b© as in  F ig ,5 , In  F ig ,6 , the  ro u te  to  seualene i s
shown in  which i t  I s  proposed th a t  two m olecu les o f
A 5- iso p e n te n y l pyrophosphate  condense to  g ive fa rn e sy l
pyrophosphate?®* The nex t s tag e  In  the s y n th e s is
presen ts some d i f f i c u l t y  in  th a t  i t  can be shown, by
use  o f  la b e l le d  fa rn e sy l pyrophosphate , th a t  sm ia le re
I s  asym m etrica lly  labelled?^* T his may be caused by
the isom erization  o f  fa rn e sy l to  n e ro lid y l  pyrophoophat
There i s  a re c e n t suggestion  th a t  each te rp en c  has i t s
own s i t e  o f  form ation  in  the  p la n t .  L ab e lled  4, ¥* A,
SOfed  to  germ ina ting  seeds o f  Pisum s n tiv iu n  * woe 
in c o rp o ra te d  to  the e x te n t o f  45p in/# -am yrin  and to 
o n ly  in /3 - s i t o s t e r o l ,  p o s s ib ly  because com plete
c y e l ls a t lo n  o f  soualene y ie ld s ^ -a m y r in  b u t^ 3 - s i t e s t e r  
r e q u ire s  p a r t i a l  c y c l ln a t io n ,  e x te rn a l a lk y la t  ion and 
red u c tio n  o f  double bonds.
T h ir ty  y e a rs  ago C h lb n a ll2** had to  e x p la in  few er  
f a c t s  than those shown in  Table I  in  a ttem p tin g  to 
e x p la in  wax b io g e n e s is . I t  was then  b e lie v e  a th a t  
onXy odd c a fbon-numbe r  a ikanee  and even c arbon-number 
c a fb o x y lic  a c id s  were p re se n t in  waxes, C h ib n a ll 
accep ted  the  then  c u rre n t view o f  f a t t y  a c id  s y n th e s is  
from su g a rs , e ,g ,
B Gg + B Cg iratwij- CpQ
4 o6 —»
Og 4. 4  C5 vmmfy
When he no ted  th a t  some p la n ts  h a d . compounds o f  
S im ila r  s iz e  in  d i f f e r e n t  homologous s e r i e s ,  e .g .  
app le  c u t ic le  wax w ith  0^9 a lk an e , a secondary  Cpg 
a lco h o l and b ru s s e l  sp ro u t wax w ith  Cog a lc o h o l,
Cgg ketone and Cgg a lk an e , he r e a l i s e d  th a t  sim ple 
condensation  o f  a c id s  could  no t form the a lc o h o ls , 
k e to n es  o r  alkanee* He p re fe r re d  a ^ -o x id a t io n
scheme a s  in  F ig ,7 , Such a scheme needed o n ly  s l i g h t
m o d if ic a tio n  by W anless, King and F i t t e r 6* to  account 
fo r  the  even catfbon-nuraber alkaneo and odd e a rbo re­
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jfig.7, Chlbnall Postulates (1934)1*
RCSHqCH-CH-COOH 
















g jg .8 , sunless Postulates (1983)*
In  terms o f th e  a c e ta te  th e o ry , i t  i s  known 
th a t  s te a ro y l CoA xd.ll add a c e ty l  CoA to  give a
CgQ a c id . I t  seems p o ss ib le  th a t  t h i s
m ito ch o n d ria l e lo n g a tio n  by C2 u n i t s  as  in  th e  
g ly c e r id e  ac id s  i s  continued u n t i l  th e  wax a c id s  
o f  re q ix is ite  ch a in  le n g th s  a re  b u i l t  * However 
th e  stum bling b lock  i s  th a t  bo th  schemes 
( f ig s*  7 and 8 ) r e q u i r e ^ - o x id a t io n  to  g e t a 
m a i l e r  wax acid* In  th e  C-^ g ly c e r id e  ac id  
s e r i e s ,  once -o x id a tio n  i s  begun, th e  end 
p ro d u c t i s  a c e ty l  CoA and no t th e  s h o r te r ,  by 
a  Cg u n i t ,  a c id . Very l i t t l e  work has been done 
in  comparing th e  a c id ,  a lcoho l and a lkane co n ten t 
o f  waxes bu t our few ana lyses su g g est th a t  xdaere 
th e  m ajor alkanes were and c3 3 ? th e  major 
a c id s  were C23 and C^ 0 * F u rth e r work i s  in  p ro g re s
to  confirm  th i s  find ing*
Odd carbon-number ac id s  a re  now ex p la in ed in  th e  
In  th e  g ly c e rid e  s e r ie s  by u s in g  p rop iony l 
GOA a t  th e  cha in  i n i t i a t i o n  in s te a d  o f  a c e ty l
CoA. I t  i s  reaso n ab le  Lo suppose th a t  t h i s  i s  
a lso  t r u e  in  th e  wax a c id s . Iso b u ty ry l CoA,
iso e a p ro y l CoA and is o  v a lo ry l CoA w i l l
i n i t i a t e  the  chain  o f  branched g ly c e r id e  a c id s
26w ith  adipose enzyme systems . Once ag a in  t h i s  may
be th e  means o f  producing is o -  and ante**Iso
a lk an es and ac id s  in  th e  waxes*
kong cha in  a lk en es have on ly  been found in
p a r a f f in  waxes (petro leum  d i s t i l l a t e  re s id u e s )
b u t t h e i r  p resence in  very sm all q u a n t i t ie s  in
p la n t  waxes would have been m issed in  our an a ly se s
and p o ss ib ly  in  th o se  o f o th e r  w orkers, f h e i r
b io g e n es is  could be explained i n  th e  same way
as u n sa tu ra ted  compounds in  th e  g ly c e r id e  f a t t y
a c id s  v ia  th e  s a tu ra te d  ac id  in  ae ro b ic  c o n d itio n s
and v ia  th e  a lco h o l and d eh y d ra tio n  in  anaerob ic
conditions*^2* «
^Grossing" o f  th e  b io g en e tic  pathways o f
te rp e n e s  and f a t t y  a c id s  i s  suggested  fo r  th e
fo rm atio n  o f  mycophenolle a c id  where th e  s id e
ch a in  i s  due to  m evalonic ac id  and th e  nucleus
21.to  a c e ta te  u n i ts  * *
•CM.
raycoTHE^ ci-ic
Such a 11 c ro ss in g ’1 o f  pathways in  th e  wax ac id s  
would r e s u l t  in  a ^ -m e th y l b ranched, odd carbon- 
numbered ac id  e .g .
RESULTS AID DISCUSSION.
The p la n ts  s tu d ied  a re  l i s t e d  in  Table I I  
to g e th e r  w ith  th e  p e r t in e n t  experim en ta l d a ta . 
The a lkane d i s t r ib u t io n  p a t te rn s  a re  rep re se n ted
d ia g ra m a tic a lly  in  F ig . 9A. F ig  9B has been con­
s t ru c te d  fo r  com parison from d a ta  i n  th e  l i t e r a t u r e  
f u r th e r  d e t a i l s  being given in  Table I I I .  The 
examples chosen fo r  th e  c o n s tru c tio n  o f  F ig . 9B 
a re  r e s t r i c t e d  to  r e s u l t s  which have been o b ta in e d ,
e i th e r  by mass spectrographic***^^. or gas- 
l iq u id  chrom atographic analysis**-, 5 ,1 0 ,1 3 ,1 ^  
o f u n fra c tio n a te d  p la n t a lk an es . L i t t l e  r e l ia n c e  
can be p laced upon claim s fo r  th e  s e p a ra tio n
n
R C^CHgCL^GHCI^COOH
and id e n t i f i c a t io n  o f p la n t a lk an es by o th e r  
m ethods, as sh o w  by the  o u ts tan d in g  
c o lla b o ra tiv e  work of C h ibnall and P ip er^\ and 
th e  l a t e r  mass sp ec tro g rap h ic  a n a ly s is  o f  some 
o f t h e i r  o r ig in a l  sam ples^*.
The New Zealand p la n ts  were c o l le c te d  by 
Dr* M. M artin-Sm ith , Department o f  Experim ental 
Pharmacology, p r im a rily  fo r  t h e i r  pharm aco log ical 
i n t e r e s t .  The r e s u l t s  in d ic a te d  th e  
p o t e n t i a l i t i e s  o f the  method as a means o f  
Mf in g e r p r in t in g u in d iv id u a l sp ec ie s  and t h i s  
a sp ec t was subsequently  examined in  more d e t a i l  
in  th e  study  o f th e  Sem pervivoideae (S e c tio n  I I I ) .
The r e s u l t s  o f th e  p re s e n t s tu d ie s  may n o t 
be s t r i c t l y  comparable w ith  th o se  o b ta in ed  w ith  
th e  Sem pervivoideae s in ce  th e  p la n t m a te r ia l  
was p re -d r ie d  to  f a c i l i t a t e  t r a n s p o r ta t io n  and 
th e  p o r tio n s  o f  p la n ts  employed were n o t confined  
to  th e  le a v e s . Although i t  i s  p robab le  t h a t  th e  
alkane components a re  r e s t r i c t e d  to  th e  
p ro te c t iv e  su rfa ce  co a tin g s  as evidenced by th e  
f a c t  th a t  th e  alkane p a t te r n s  o f th e  le a f - s u r f a c e
50,
wax and o f  the  t o t a l  a lkane e x tra c ts  o f  th e  le a v e s  
o f  Ar.undo consulcua were v i r tu a l ly  id e n t ic a l  
(se© fo o tn o te  fa b le  IX) ? th e re  i s  no reaso n  to  
suppose th a t  the  alkane d is t r ib u t io n  p a t te rn s  
a r e  th e  same fo r  d i f f e r e n t  anatom ical p o r tio n s  
o f  th e  p lan t#  In  view o f  th e  marked d if fe re n c e  
between th e  alkane d is t r ib u t io n  in  th e  rhizomes 
o f  CordyXine a u s t r a l i s  (9 , Pig# 9A) and th a t  in  th e  
le a v e s  o f Draco d raco n is  (29 9 Fig# 9B ), p la n ts  
which a re  considered  to  be c lo se ly  r e la te d  
b o ta n ic a lly *  th e  need fo r  s tu d ie s  on th e  r e l a t iv e  
a lkane d i s t r ib u t io n  w ith in  th e  same p la n t  i s  
c le a r ly  in d ic a te d . In  th e  p re se n t work com parison 
o f  th e  alkane d i s t r ib u t io n  p a t te rn s  o f  th e  d i f f e r e n t  
sp e c ie s  w ith in  th e  same genus would appear to  
be v a l id  in t e r  s e , as in  a l l  cases  th e  com parisons 
a re  made using  corresponding  p o r tio n s  o f th e  p lan ts#  
In  th e  case  o f  th e  G au lth e ria  and Hebe sp ec ie s  
tw igs and leav es  were employed* and i n  th e  case 
o f  th e  two v a r ie t i e s  o f  Phorminm te n a x # rhizom es 
were used#
I t  was found th a t  th e  alkane a n a ly s is  could be 
ad eq u a te ly  perform ed on ho g. o f  d r ie d  p la n t ,  A
51.
crude f r a c t io n  co n ta in in g  th e  t o t a l  a lk an es was
ob ta ined  from the  fin e ly -g ro u n d  p la n t m a te r ia l ,
which had been p re -d rle d  a t  80° fo r  2 k hours in
fo rced  d raugh t ovens by continuous e x t r a c t io n
w ith  b o il in g  l ig h t  petroleum  (b .p . U-O-600 ) fo r
2 *^ hours a f t e r  which tim e exhaustive  e x tra c t io n
had o ccu rred . In fra - re d  a n a ly s is  o f th e  crude
e x t r a c t9 which v aried  co n sid erab ly  in  q u a n tity
(see  f a b le  I I ) , In d ica ted  th e  p resence  o f
compounds co n ta in in g  hydroxyl, carbonyl and
carboxy l fu n c tio n s . As sim ple chromatography
over alumina proved u n s a tis fa c to ry  fo r  the
com plete removal o f  th ese  contam inants th e  e s te r s
were sap o n ified  and the  carbonyl compounds were
converted  to  th e i r  d in itropheny lhydrazone
d e r iv a t iv e s .  A fte r th i s  p re tre a tm e n t, alumina
chromatography affo rd ed  the  alkane f r a c t io n
uncontam inated w ith  oxygen-contain ing  compounds
(a s  evidenced by in f ra - r e d  a n a ly s is )  in  a l l  eases
excep t th a t  o f Arundo-consnic.ua. which showed a
-1prom inent band a t  1120 cm. in  th e  in f r a - r e d ,  
due to  e th e rs  which a re  s tu d ied  in  S ec tio n  V. The 
e th e r s  were r e a d i ly  removed irom th e  alkanes by
trea tm en t o f  the  m ixture w ith  concen tra ted  
su lp h u ric  acid* The in f r a - r e d  sp e c tra  and g as- 
l iq u id  chromatograms o f th e  l i g h t  petroleum  
e x t r a c ts  o f Arundo consnicua a t  th e  v a rio u s  s ta g e s  
o f  p u r i f ic a t io n  a re  shown in  F ig . 10. A se p a ra te  
experim ent e s ta b lis h e d  th a t  th e  e th e rs  were p re s e n t 
i n  th e  tru e  le a f - s u r f a c e  wax.
Complete a n a ly s is  o f a lkanes possessin g  between 
23 and 35  carbon atoms were ach ieved , bu t a lk an es 
o f  h ig h e r and lower chain  le n g th s  which may have 
been p re se n t in  sm all amounts were ignored . E ig h t 
Of th e  p la n ts  s tu d ie d , (nos. 2-h and 7~H in  ta b le  I I )  
appeared to  co n ta in  branched a lk an es as w ell as 
n -a lk a n e s , a lthough  the  former were p re se n t in  
v ery  sm all amounts, u su a lly  re p re se n tin g  l e s s  
th a n  bfo o f  th e  t o t a l  f r a c t io n ,  excep t in  th e  eases  
o f  nos. 8 and 9 . D irec t id e n t i f i c a t io n  o f th e  
branched ch a in  a lkanes was n o t p o s s ib le  on th e  s c a le  
employed in  th e  p re sen t work bu t f u r th e r  experim ents 
a r e  in  p ro g re ss . By analogy w ith  th e  p re v io u s ly  
re p o r te d  work and o th e r s tu d ie s ,  th e  odd-numbered, 
branched hydrocarbons are  assumed to  be i s o -a lk a n e s .
However, isom eric is o  and a n te is o -a lk a n es  a re
re p o rte d  to  have alm ost id e n t ic a l  r e te n t io n  tim es
on Apiezon columns^ and i t  i s  p o ss ib le  th a t
th e  even-numbered branched a lk an es belong, in  f a c t
to  th e  a n te is o -  s e r ie s .  Should t h i s  be so , th e
S itu a t io n  would be in  the  in v e rse  o f  th a t  re p o r te d
fo r  th e  branched hydrocarbons o f wool wax *
A h igh  co n ten t o f  branched a lk an es i s  a r e l a t i v e l y
rare occurrence in  le a f  waxes* Tery few o f th e
examples in  Fig* 9B show th e  p resence  o f branched
alkanes although  t r a c e  q u a n t i t ie s  may have been
overlooked by th e  o r ig in a l  workers* C arefu l
In v e s t ig a t io n  o f species 21-23 and sp ec ies  29 in
Fig* 9B, however, f a i le d  to  show th e  p resence o f
any J ^ o - a p : a n e *« I t  i s  th e re fo re  a l l  th e  more
in te r e s t in g  th a t  N ico tians tabaciaa (19, F ig . 9B)
has a h igh  i s o -a lk an e  co n ten t and th a t  c e r t a in
Aeonium sp e c ie s ,e* g . 13, Fig* 9B, show a p p rec iab le
3^.q u a n t i t ie s  o f  i s o -a lk an es  *
In  th e  gas l iq u id  chromatograms o f  se v e ra l o f 
th e  p la n ts  (v is*  those  o f nos. 1 ,3 ,6 -1 0  in  ta b le  I I )  
sm all peaks W re  p re se n t which could be assigned
to  e i th e r  j&-alkanes or 1so-a lk a n e s* I t  i s  p o s s ib le  
th a t  th e se  peaks a re  due to  the  p resence  o f 
cy c lo a lk an es or o f  compounds p o ssess in g  double bonds 
o r o th e r  fu n c tio n a l groups which a re  p re se n t in  such 
sm all amounts as to  be n o t d e te c ta b le  i n  th e  in f r a  
red  spectra*  The in te n s i ty  o f  th e se  peaks, i s  
however, so low th a t  they  in  no way in te r f e r e  w ith  
th e  in te r p r e ta t io n  o f  th e  major peaks*
In  a l l  cases n -a lk an es  w ith  an odd number o f 
carbon atoms form th e  major components o f  the  
p a r a f f in  f r a c t io n ,  which i s  in  agreem ent w ith  th e
1 Q
r e s u l t s  ob ta ined  by o th e r  workers ’ # Of the  
m ix tu re s  given in  F ig s . 9A and 9® th e  major 
c o n s t i tu e n t  i s  e i th e r  th e  ^ 2 7 1  ’^ ae ^295 th e  
o r  th e  C33 n-alkane# I t  i s  o f co n s id e ra b le  i n t e r e s t  
t h a t  w ith in  th e  genus Hebe the  m ajor c o n s t i tu e n t  
i s  in  H. odora , 0 ^  in  H. o a r v i f lo r a  and 
fi* fllo sm aefo lia . and C33 in  H. s t r i c t a  , thus g iv in g  
an im mediate chem otaxonomic d i s t in c t io n .  In  th e  case  
o f  th e  two G au ltheria  sp ec ie s  th e  d if fe re n c e s  in  th e  
a lk an e  d is t r ib u t io n  p a t te rn s  a re  n o t n e a r ly  so 
c le a r  c u t bu t they  a re  s t i l l  e a s i ly  d is t in g u is h a b le .
The f a c t  th a t  th e  two v a r ie t i e s  o f Phormium tenax  
g iv e  v i r tu a l ly  superim posable p a t te rn s  may s tre n g th e n  
th e  u t i l i t y  o f  p la n t  hydrocarbon a n a ly s is  r a th e r  than  
weaken i t ,  as d i s t in c t io n  between sp ec ies w ith o u t 
d i f f e r e n t ia t io n  between v a r i e t i e s  would be u s e fu l  
i n  taxonomy*
In most cases the  s h o r te s t  and lo n g e s t n -a lk an e  
Chains d i f f e r  by about te n  carbon atoms w ith  vary ing  
p ro p o rtio n s  o f  each homologue between th e se  lim its*
In  c e r t a in  waxes such as th a t  o f Solanum tuberosum 
(18 Fig* 9B) and Pvrus communis ( 9 ) ,  however, th e re  
appear to  be only  one or two in d iv id u a l a lkanes 
p re s e n t i n  ap p rec iab le  q u a n titie s*  An in tr ig u in g  
g en e ra l p o in t which emerges i s  th a t  when th e  odd 
and even members a re  considered s e p a ra te ly , in  
b o th  cases  the  p lo t  o f percen tage o f c o n s t i tu e n t  
p re s e n t a g a in s t th e  number o f carbon atoms i s  a 
sim ple d is t r ib u t io n  curve w ith  a s in g le  maximum*
T his g e n e ra l is a t io n  a lso  seems to  app ly  w ith  th e  
®dd and even branched a lk an es , though le s s  d a ta  a re  
a v a i la b le .  S ince th e  alkanes can be assumed to  be 
end p ro d u c ts  o f p la n t metabolism and n o t in te rm e d ia r ie s .
t i l l s  may be o f s ig n if ic a n c e  in  term s o f the  
s p e c i f i c i ty  o f  th e  enzyme systems which a re  invo lved  
in  th e  e la b o ra tio n  o f the  a lkanes from a c e ta te  
u n lts^*  *
The v a r ie ty  o f  the  hydrocarbon p a t te rn s  I s  
s t r ik in g  when F ig . 9 , in  which 12 fa m ilie s  and 21 
genera a re  re p re se n te d , i s  co nsidered  as a whole 
and i t  augurs w ell fo r  the  fu tu re  taxonomic 
a p p l ic a t io n  o f p la n t  hydrocarbon a n a ly s is .  As y e t  
no g en e ra l p a t te rn s  a re  apparen t which m ight p e rm it 
(a )  monocotyledons (e .g . F ig .9 , Gramineae sp e c ie s  12, 
25-28  and L iiia c e a e  sp ec ie s  7- 9 , 29 and 3 0 ) to  be 
d is t in g u is h e d  from d ico ty led o n s ( th e  rem aining 
fa m il ie s  i l l u s t r a t e d  in  F ig s . 9k and 9B),
<b) assignm ent of a sp ec ies  to  a g iven  fam ily , as 
th e re  i s  marked v a r ia t io n  in  the  hydrocarbon 
p a t te rn s  from one c o n s ti tu e n t genus to  ano ther 
( e .g .  w ith in  th e  G rassulaceae sp ec ie s  13-15, and th e  
Gramineae and L iiia c e a e  given in  F ig . 9 , a lth o u g h , 
in c id e n ta l ly ,  th e re  i s  a marked resem blance between 
th e  two sp ec ie s  Dracaena draco and G opernicla c e r i f e r a )  
(c )  assignm ents o f species to  a p a r t ic u la r  genus, 
s in c e  aga in  th e re  i s  l i t t l e  constancy in  th e  p a t te rn s
(e .g . th e  d iv e r s i ty  w ith in  th e  Hebe sp e c ie s  3I-V, 
th e  genus Aeonium^ a n d  the  genus Bunhorbium sp e c ie s  
21**2lf , but th e re  i s  a s im i la r i ty  between the  
j>olium sp e c ie s , L. perenne and L. m u l t i f lo r a . sp ec ie s  
27 and 28 r e s p e c t iv e ly ) ♦ 
gagfep M .t.
In  a re c e n t p u b lic a tio n , M azliak ^* reco rd ed  
an alkane d i s t r ib u t io n  p a t te rn  fo r  Carnauba wax 
( th e  wax o f C opern icla  c e r l f e r a ) .  His p a t te r n ,  
however, i s  q u ite  d i s t in c t  from th a t  in  F ig . 9 , 
see  o v er. We have examined, a t  h is  re q u e s t ,  th e  
Same sample as he used in  h is  a n a ly s is  and found 
th a t  i t  was p o s s ib le  to  improve co n s id e rab ly  th e  
r e s o lu t io n  by use  o f the  lower tem perature 225° 
in s te a d  o f 300°  and in  so doing perm it e a s ie r  a re a  
M ftsurem ents. I t  seems p o ss ib le  th a t  a lthough  bo th  
M asliak 1# and Boberts and R obertson1 s sam ples were 
Commercial grade th e re  had been some d if fe re n c e
i n  th e  e x tra c t io n  procedure and in  th e  ex ac t 
v a r ie ty  o f  Palm,
C26 °Z7 °28 G29 C30 C31 °32 C33
HaJsliak's 8.3  13.3 16,0 16»0 12,3 7.9
a n a ly s is .
analysis 10.9 12.8 1*h0 11.8 12.2
of M&zliak*s
R obert son1 s
analysis  2:.? 10,2 5.5  18.2  l*t.O 32,3 5.2  8.2
(F ig. 9)
EXPERIMENTAL.
The fo llow ing  g en e ra l procedure was adopted fo r  
th e  in v e s t ig a t io n  o f th e  alkane f r a c t io n s .  L ig h t 
petro leum  r e f e r s  to  th e  f r a c t io n  b .p .  *KM50°.
The f in e ly  ground p la n t m a te r ia l  (**0 g . ) was 
e x tra c te d  in  a Soxhlet ap p ara tu s  w ith  l i g h t  petroleum  
fo r  2k h o u rs . A fter removal o f th e  so lv e n t under 
reduced p re s su re  the  ex tra c ts , (u su a lly  o f th e  o rder 
Of 0 A  -  1 .0  g. see ta b le  I I )  were re f lu x e d  w ith  
2 >W d in itro p h en y lh y d raz in e  (1 .0  g .)  and eonc. 
h y d ro ch lo ric  ac id  (0 .5  m l.)  in  e thano l (20  m l.)  fo r  
two hours to  convert carbonyl compounds in to  
2 ,*+ -din itrophenylhydrazones. The so lv en t was then
removed under reduced p re ssu re  and th e  re s id u e  
ex h au stiv e ly  ex tra c te d  w ith  l i g h t  petro leum . The 
petro l**soluble m a te r ia l was reclaim ed a f t e r  removal 
o f  th e  so lv e n t and re f lu x e d  fo r  2 hours in  aqueous 
e thano l (1*2  -  20 m l.)  co n ta in in g  sodium hydroxide 
(1*0 g , ) .  The so lu tio n  was then  taken  to  dryness 
under reduced p ressu re  and thoroughly  e x tra c te d  
w ith  l i g h t  petroleum* The p e t ro l  e x t r a c t  was 
f i l t e r e d  through alumina (Brockmann grade I )  and 
th e  hydrocarbon f r a c t io n  com pletely  e lu te d  w ith  
fu r th e r  l i g h t  petroleum  and rec la im ed r
In f r a  red  sp ec tra  o f th e  hydrocarbon f r a c t io n s  
were reco rded  in  order to  e s ta b l i s h  th e  absence 
o f  compounds o th e r than  a lkanes (F ig . 1 0 ) . In  the  
case  o f Arundo consnieua (Table I I  and F ig s . 9 
and 10 sp e c ie s  1 2 ) the f r a c t io n  which rem ained 
a f t e r  2 ,b~din itrophenylhydrazone fo rm atio n , sapon­
i f i c a t i o n ,  and alumina chromatography showed
-1s tro n g  in f r a  red  ab so rp tio n  a t  1120 cm. , in d ic a t iv e  
o f  an e th e r  grouping. The compounds re s p o n s ib le  
fo r  t h i s  ab so rp tio n  were removed by tre a tm e n t w ith  
h o t co n cen tra ted  su lphu ric  ac id  ( A 0° o , b  h o u rs ) .
60.
The l i g h t  petroleum  e x t ra c t  o f the  r e a c t io n  
m ix tu re  fu rn ish ed  th e  pure alkane f r a c t io n  a f t e r  
alum ina chromatography.
Gas l iq u id  chromatography o f th e  alkane 
f r a c t io n s  was g e n e ra lly  accom plished by 
chrom atographing 0 ,1  u l .  o f  a s o lu t io n  o f th e  
f r a c t io n  (2  mg* in  kO mg. o f ^ -m ethy lnaph tha lene) 
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A ll of the alkane frac tio n s were analysed by
gas liq u id  chromatography except numbers 16, 20, 
and 2? where mass spectrometry was used*
Ihe plant species belong to the following 
fa m ilie s , numbers 13, 1^ and. 15 to  the Crassulaeeae; 
number 16 to the Cruciferae? number 17 to  the 
Serophulariaeeae? numbers 18 and 19 to  the 
Solanaeeae, number 20 to the Leguminosae; numbers 
21, 22, 23 and 2 k  to the Euphorbiaeeae; numbers 25, 
26, 27 and 28 to the Gramineaej numbers 29 and 30 
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The use o f  chem ical c o n s t i tu e n ts  o f  p la n ts  os an 
a id  to t h e i r  c l a s s i f i c a t i o n  i s  now a f a m il ia r  c o n c e p t^ " ’* 
th e  o u ts tan d in g  examples being  the ex ten s iv e  work o f  
Erd&aan^* on c o n ife rs  and Bate-Smith®* on m onocotyledons. 
The imiployiieBt^* o f  l e a f  waxes as an advantageous 
taxonomic c r i t e r io n  i s  suggested  by th e  c o n s id e ra tio n s  
H a ted  In fab le  I#
TABbB I*
( 1 ) th e  u n iv e r s a l i ty  o f  the occurrence o f  
th ese  waxy coatings*
(§> "The already observed sp e c ie s  v a r ia t io n  
in  the- wax composition*
ff
{$) The reported la ck 0* o f  seasona l v a r ia t io n  in  
wax com position though the a c tu a l w eight v a r ie s  
w ith  b o th  species^* and season?* The unchanged 
wax com position may be due to the  f a c t  th a t  the  
wax i s  e x t r a c e l lu la r  as  i t  i s  alm ost c e r t a in ly  
an end product lneu loted  from th e  regular  
e s s e n t ia l  m etabolic fu n c tio n s  o f  the  p lant*
U )  The s im p lic ity  o f  sampling*
(5 ) The p re se n t day a v a i l a b i l i t y  o f  p re c ise  and ra p id  
m ic ro -a n a ly tic a l to o ls  o f  0-.L.C* 9 mass
spectrom etry  and In f ra  red  spoctro:lotry*
The taxonomic p o s s ib i l i t y  o f  alkanes seemed 
worthy o f  fu r th e r  in v e s t ig a t io n s  a f t e r  ou r p re lim in a ry  
r e s u l t s  in  S ection  XX* d e sp ite  the. fo rebod ings that 
the d if fe re n c e s  between the  waxes m ight n o t be 
s u f f ic ie n t ly  d isc r im in a tin g , too nconservative" as 
Sfdtmnn^* has p u t it*  Our r e s u l t s  in  S ection  I I  
in d ica ted  that i t  was b e e t to co n cen tra te  on one 
c la s s  o f  wax c o n s ti tu e n t ( th e  allcanes which are  
present to  a s ig n i f ic a n t  e x te n t in  most w axes). The 
alkane m ixture i s  very  amenable to  ex a c t and ra p id  
a n a ly s is  by and i t s  v ery  com plexity
.serves as a p o s it iv e  advantage in  p ro v id in g  a 
taxonomic "fin g e rp rin t* 1*
In order to  t e s t  the v a l id i ty  o f  th e se  id e a s  a 
study o f  c e r ta in  p lants o f  the Canary I s la n d s  has 
been undertaken . T his choice was made because o f  
the a v a i l a b i l i t y  o f  a compact grouping o f  c lo s e ly  
re la ted  genera o f  the sub-fam ily  Sempervivoideae 
(Crassulaeeae; F tg . l ) ,  which had already been 
ex te n s iv e ly  s tu d ie d  b o ta n ic a lly . They are  b e lie v e d  
to  be descended from a common an c es to r which i n i t i a l l y  
co lon ised  the  is la n d s  and to  hove been developed in  
i s o la t io n  from the m ainland. Because o f  the wide
c lim a tic  varia tion  on those is la n d s o f  d iverse terra in ,
th e  v a r ie ty  o f  to m s presents an e x c e lle n t  example o f
11"adap tive  rad ia tion"*  * The members o f  th is  fam ily  
.a re  a l l  xeromorphic and g e n e ra lly  p ossess q u ite  
s u b s ta n t ia l  waxy coatings* Several b o ta n is ts ,  
in c lu d in g  P l t s r d  and 'P roust^0* Burchar&1??* and 
p a r t i c u la r ly  Praeger^'* have d iscu ssed  the c la s s i f ic a t io n  
o f  th e se  p la n ts  and Leraa^* devotes a re c e n t lengthy  
p aper to  the evolutionary asp ects o f  ■ the group in  which 
he s t a t e s  h is  b e l i e f  that the Aeoniums present "a 
s i tu a t io n  comparable in many troys to th e  fin ch es o f  
the dalapagos”* His study concerns the p lant forms 
o f  the  Sempervivoideae and h is  conclusion  i s  th a t  
" t h i s  group i s  composed o f  sp e c ie s  o f  many form s, 
from shrub to  b ie n n ia l  and annual h e rb ; i t  i s  p o ss ib le  
to  d e riv e  a l l  o f  them from a shrubby a n c e s to r" . The 
r e s u l t s  o f  o u r own study  a re  co nsidered  in  re la tio n  
to  t h i s  approach*
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The p la n ts  s tu d ie d  are  l i s t e d  in  Table 3. They
inolttdfi examples from a l l  tue  c o n s t i tu e n t  genera o f
til® Swmpervivoi&eae ( F l g . l ) , w ith  the ex cep tio n  o f
Sempervivum. 5br reasons d iscu ssed  l a t e r  seven
sp e c ie s  o f  the genus ifephpjffi.jft (Buphorhiaceae , 4 ,000
sp e c ie s )  and two m onocotyledons: Dracaena draco
( i i i l te e e a e ,  3,700 sp e c ie s)  and lo llp n i m u l t i f lo ra
($vsm ineae9 4 ,500 sp ec ie s)  were included*
15■ fhe waxes were e x tra c te d  ■4 * from b o th  su rfa c e s
o f  the l e a f  samples by dipping  the  le av es  e i th e r  s in g ly  
o r  in  sm all hunches in  th ree  successive  p o r tio n s  o f  
co ld  chloroform* This trea tm en t was found s u f f i c ie n t  
to remove a l l  the su rface  wax w ithou t removing cy to ­
plasm ic c o n s t i tu e n ts .  The in f r a  red  spectrum  o f  the  
residue rem aining a f t e r  removal o f  the  so lv e n t was 
then recorded ( e . g .  Fig# fa ) .
■ fhe hydrocarbon f ra c t io n  was desolated in  951* y ie ld  
from the waxes by  sa p o n if ic a tio n  fo llow ed by e x t r a c t io n  
with l ig h t  petroleum  and chromatography on b a s ic  alum ina. 
( In  two c a se s , Table 3, Boo. 53, 34, the s a p o n if ic a t io n  
step  was o m itted  w ith  eq u a lly  good r e s u l t s . ) The 







-Aichryson - iJ r l r ic s i l l )
( 1 0 )
-Oreenovia -C ensriensl
(4) ( 8 )
-Wonanthes .Qoochla(9)
( 1 0 )
-Se&um amid 12 o th e r  genera*
The Orassulaceae fam ily ©bowing the 
su b d iv is io n 11* o f  the safe-family
Oemperrlvol&eeef imrrfber o f  specie© 
In parentheses#
showed no contam inants o f  d i f f e r e n t  fu n c tio n a l ty p e , 
and r e p e t i t io n  o f  the a lk a l i  trea tm en t caused no change 
in  th e  p ro p o rtio n s  o f  hydrocarbon presen t*  B ep lie a te  
© attractions o f  le a v es  from the  same b a tch  gave hydro­
carbon c o n c e n tra te s  o f  alm ost Id e n t ic a l  com position 
(T ab ic  2 , Bds. 10-15)*
■ The hydrocarbon fra ctio n  was analysed  by gas 
.chromatography ( e f g„ Fig* 5) and the peaks o f  the 
n-*alkan©s assig n ed  both ' by co~ehrom©tography w ith  known 
compounds and from the r e la t io n s h ip  o f  the  r e te n t io n  
tim es (Fig*4)* The rem aining peaks have a l l  been
Q 1 f!
a ss ig n ed  to  iso  alkane s (S-methy! alkane s )  9 * on th e
grounds o f  th e  r e la t io n s h ip  o f  the  r e te n t io n  tim es 
(Fig* 4) and the enhancement o f  the  a p p ro p ria te  peak by 
a d d itio n  o f  a genuine sample o f  th y ld o tr ia c o n ta n e 17*
Although the  presence o f  o th e r  types o f  s a tu ra te d  hydro­
carbon cannot be r ig o ro u s ly  excluded on the  b a s is  o f  the  
above te c h n iq u e s , i t  i s  c e r ta in  th a t  the components o f  
th e  hydrocarbon m ix tu res belong  overwhelm ingly to  the  
to* and i s o - alkane s e r ie s  in  the rang© CSo to  Cgg tn c lu s iv  
The q u a n t i ta t iv e  r e s u l t s  are  giver) in Table 2; they  
were o b ta in ed  by measurement o f  peak a rea s  and are  
exp ressed  as a percen tage o f  the sum o f  the peak a re a s
63.
o f  a l l  compounds ly in g  ‘between cob and CW* The r e s u l t s  
were found to be rep ro d u c ib le  to t  &f. by  r e p l ic a te  
an a ly se s  (Table T, Hos. 44 -46); and ev a lu a tio n  o f  
sy n th etic  m ix tu res showed th a t  the  a re a s  were p ropor­
t io n a l to  m olar co n c en tra tio n s  fo r  each type of-hydro- 
carbon*
BlBCbSSXQN.
Some o f  the main f in d in g s  o f  t h i s  s tudy  on the 
Sempervi vo idene  may he summarised as fo llo w s :-  
(a )  Alkane s o f  carbon number l e s s  than  Cgg and more 
then  Ogg are  no t p re se n t to  any d e te c ta b le  e x te n t;  
(%) th e  co n ten t o f  odd carbon-numhcr a lkanes I s  g r e a te r  
than t h a t  o f  even earbon-number a lkanes by a fa cto r  
o f  more than ten* The d is t r ib u t io n  r a t io  o f  the  
odd and even s e r ie s  shows no p a ra l le l is m ;
(e )  Some sp e c ie s  co n ta in  q u ite  h igh  p ro p o rtio n s  o f  
i s o a lkanes which o c c a s io n a lly  even outweigh th e  
n -a lk a re  content*  When p re s e n t ,  an is o alkane 
c o n s t i tu e n t  in v a r ia b ly  accompanies i t s  s t r a ig h t  
cha in  isom er, and fo r the me3o r  odd carbon number 
c o n s t i tu e n ts  ( e .g .  and C o f  any g iv e r  l e a f  
wax th e re  e re  1 n i l  e a t lone o f  a p a ra l le l is m  in  th e  
I s o -  to  nornial-hycixocarbon r a t i o .
This dem onstration  o f  the occurrence o f  branched  
ch a in  s t r u c tu re s  makes i t  c le a r  th a t  th i s  phenomenon
1 sashould no longer be regarded  as a b io lo g ic a l  w freak*  
although the  on ly  o th e r  re p o rte d  occurrence o f  branched 
chain hydrocarbons i s  that found fo r  tobacco l e a f  wax!9 • 
The p r in c ip a l  reouirem ent f o r  n taxonomic c r i t e r io n  
Is that i t  be sp ec ie s  sp e c if ic *  The p re se n t r e s u l t s  
Indicate that the hydrocarbon com position o f  the  l e a f  
wax i s  n o t ap p rec iab ly  dependent on the  p o s i t io n  o f  the 
leaves w ith  re sp e c t to  the m eristem  (Table 9 , 14 and l b } 
the age (90 and 91, 50 and 01) or- the s ta t io n  (4  and 5 , 
10  and 17, 61 and 69) o f  the in d iv id u a l p la n t ,  p rov ided  
that the  sp e c ie s  i s  the same. This was found to ho ld  
in  sp ite  o f  the d if fe re n c e s  In , fo r  example, l e a f  s i s e  
(e*g* 60 and 81, 38 and 40, 49 and 43) shown by  those 
s p e c is s which e x h ib it  g rea t seasonal v a r ia t io n  in  growth 
Thus, w ith in  the l im i ta t io n s  o f  t h i s  in v e s t ig a t io n  and, 
in the absence o f  s u f f ic ie n t  d a ta  f o r  a thorough 
S t a t i s t i c a l  tre a tm e n t, i t  seems reasonab le  to  conclude 
that the  hydrocarbon p a t te rn  o f  the l e a f  wax o f  a 
s p e c ie s  I s  a p ro p e rty  c h a r a c te r i s t ic  o f  th a t  sp e c ie s , 
Such f lu c tu a t io n s  as th e re  are  ( fo r  exam ple, w ith  th e  
t*  ttsbieum examples 10-18) nay be due to  the occurrence  
o f  g en e tic  an d /o r environm ental f a c to r s ,  and do no t 
in v a lid a te  the  general conclusions*
In Fig*5 the hydrocarbon c o n s ti tu e n ts  o f  the l e a f  
waxes s tu d ie d  ere  shown i r  h istogram  fo m , a s in g le  
diagram fo r  each a u th e n tic a te d  species* The b o ta n ic a l  
c l a s s i f i c a t i o n  i s  d e l in e a te d , and w ith in  t h i s  the  sp e c ie  
are arranged such th a t ,  in  g e n e ra l, th e  h r an ched-chain 
isomer co n ten t in c re a se s  from l e f t  to  r ig h t  and, from 
top to  bottom ; th e  p ro p o rtio n  o f  to  seems to  
increase in  a s im ila r  p rogression*
The m ost ex ten s iv e  survey was ce n tred  on the  genus 
Aeonlum ( F ig . l )  w ith  the prime concern o f  u n ea rth in g  
any relationship between the hydrocarbon p a t te rn s  and 
the botanical c la s s i f ic a t io n *  W ithin the section  
Holochnraa th e  th re e  species examined show c lo s e ly  
sim ilar hydrocarbon p a t te rn s  and the  same i s  tru e  fo r  
the d ifferent hydrocarbon' p a t te rn  o b ta in ed  -for the 
species in th e  s e c tio n  UrM.ce* The b o ta n ic a l sub­
division  o f  Urbica proposed by Leras 1^* i s  no t p a ra lle le d , 
by these re s u lts *  3ix o f  the sp e c ie s  (35, 98, 31, 99, 
33, 36) o f the  se c tio n  Oooehla give -nu tually  sim ilar 
hydrocarbon p a t te r n s  but the rem aining th ree  seem out 
o f  s te p  in  t h i s  r e s p e c t,  A* cae suite, sum (4 9 ) ,
JL* sp s th u la tu m ■ tea) and A* eruent.um (3?)* The s t e l e s  
o f  the s e c tio n  Ca.pariensia f a l l  in to  two groupings*
The f i r s t  th re e  members (36 , 4S and 04) shot? a c lo se  
hydrocarbon p a t te rn  r e la t io n  sh ip  a l l i e d  to  Holochryoa 
w hile  th e  p a t te rn s  o f  the nex t two (SO and S5) are  
much more ak in  to  those o f  the s e c tio n  Tlrhica: one
member o f  the  O an a rien s ia* the  d i s t in c t iv e  p la t e - l ik e  
A. ta b u la e fo m e ( 97) > i s  q u ite  anomalous in  the  re v e rs a l  
o f  it©  0%i to  Cggn-alkane ra tio *
In  the  l e s s  e x te n s iv e ly  examined genera Cfreenovia * 
A iehryaon and Monantlies the hydrocarbon -patte rns a re  
in t e r n a l ly  c o n s is te n t  w ith the excep tion  o f  one o f  the  
La@t* j|» Qnyflros( 6 8 )» Lems lias suggested  th a t  the  
g em s Greenovia i s  ev o lu tio n o r-ily  r e la te d  to  th e  Cana- 
r ie n a ia  s e c tio n  o f  the gem s Aeonium b u t the hy&roearho 
p a t te r n s  o f  the two ore q u ite  d i f f e r e n t  and on th i s  
l a t t e r  b a s is  one might r a th e r  propose a r e la t io n s h ip  
betw een the  genera Greenovia anil l.fonantkes and the 
s e c t io n s  llrb ie a  and M egalonim  o f  the genus Aeonium*
On th e  o th e r  hand, the branched hydrocarbon co n ten t o f  
th e  A ichryson sp e c ie s  examined does give some su p p o rt 
to  Lems’ c o n ten tio n  th a t  t h i s  genus i s  r e la te d  to  the 
Goochla se c tio n  o f  the genus Aeoniunu
Although such com parisons o f  hydrocarbon p a t te r n s  
may se rve  to- e s ta b l i s h  r e l ?*t io n s h lp s , i t  would seem
t h a t  th© d if fe re n c e s  between r e la te d  genera may he 
in s u f f i c i e n t ly  d isc r im in a tin g  to  a c t  as  " f in g e r p r in ts " » 
e.g* in  the cases o f the genera Ho nan the  s and oreenov ia 
s tu d ie d  in  t h i s  work*
15c show the  r e s u l t s  obtained in  a com pletely  
d i f f e r e n t  p la n t  fam ily  a few r e a d i ly  a v a ila b le  sp e c ie s  
o f  th e  genus Euphorbia have been included* T his genus 
(750 sp e c ie s )  i s  no t c lo s e ly  k n i t  b o ta n ic n l ly  and the  
observed  hydrocarbon d is t r ib u t io n s  are  o f  a t  l e a s t  two 
types# 'In  com parison w ith the eem pervivotdes©, where 
th e  0 ^  and C ^  hydrocarbon content generally  approaches 
abou t 90^ o f  th e  whole# the Euphorbias e^valned  a re  much 
more v a r ia b le  in  t h i s  re sp e c t and include a h ig h e r 
p ro p o rtio n  o f  0 ^  and hydrocarbons*
The monocotyledons bo Hum m ulti f lo ra  ( I t a l i a n  rye 
g ra s s )  and Dracaena draco (Canary dragon t r e e )  p o ssess  
hy&arocarbon pattern©  s tr ik in g ly  d iffe re n t from those o f  
th e  Sem pervivoideae re p re se n ta tiv e s*
COimgSIQHS*
Bven the p re se n t l im ite d  in v e s t ig a t io n  on a r e s t r i c t e d  
a re a  has shown a t  l e a s t  some glimmerings o f  a taxonomic 
re le v an ce  in  th e  leaf-w ax  hydrocarbon p a tte rn *  The power
o f  gas chromatography fo r  work o f th is  kind is  rap id ly  
increasing  with development^®• o f tomaereture-pr-ogroyne&* 
h tg h ~ e ff ie lencyf high-speed columns nrd o f automatic 
ta b u la t io n  o f  q u an titie s  and re ten tio n  times o f the  
separated constituents* Such re fined  techniques should 
render surveys o f the type reported here read ily  fe a s ib le  
on a very la rg e  scale# not only fo r  the hydrocarbons#
Or*; £V\
b u t  f o r  th e  oxygenated c o n s titu e n ts* ’ 9u'~* Such 
in v e s t ig a t io n s  would not only he o f taxonomic in te re s t  
h u t  co u ld  be used  in the study o f  the possible re la tio n ­
ship© e x i s t in g  between p lan t waxes and such m a tte rs  as
op c'3 IF, o/t
p la n t  metabolism# w ater balance'* '** p lan t d iseases#" *' 
w eather damage}^* 23,84* atmospheric p o llu t io n  damage 
e f f ic a c y  o f  e r0.p -spray lng!s *s^* the ca rc in o  gene t ic  
e f f e c t  o f  tobacco smoke#9 * and the  o r ig in  o f petroleum?*7* 
O th er wS3^ r c o a tin g s  such as those possessed by  micro* 
o rg sn ism s^ *  in sec ts?*  and anim als2*^ * should c e r t a in ly  
%e amenable to sim ilar  study#
C o lle c tio n  and I d e n t i f i e r  tier: o f  P la n t  M a te r ia l*
; The p la n ts  l i s t e d  in  fa b le  2$ w ith the ex cep tio n  
o f  the Sedum and the  g ra s s , were c o lle c te d  du ring  th e  
p e r io d  September I960 to A pril 1961 in  the  w estern  group 
o f  th e  Canary I s la n d s  -  T e n e rife , Oran C an aria , Oomera, 
l*& 3Palma and H ierro* A few specie© wore c o l le c te d  from 
a e w r a l  s ta t io n s  and a t  d i f f e r e n t  seasons* A ll ?;ere 
I d e n t i f ie d  by  Dr* S* Sventenius o f  the  J a r  d in  del 
A elim ataeion  a t  O ro tava, Tenerife* In  o rd e r to  p rev en t 
con tam ination  o f  the su rface  waxes, c o n ta c t between the  
le a v e s  o f  d i f f e r e n t  sp ec ie s  was c a re fu l ly  avoided and 
s ta t io n s  were chosen which were no t ad jace n t to  road  
t r a f f i c  o r  su b je c t to  urban atm ospheric p o llu tio n *
Ix tr& c iio n  o f  Surface Waxes*
In  a l l  c a s e s , except c e r ta in  Bapltorbla s p e c ie s , 
o n ly  l e a f  waxes were ex trac ted *  Although the  Q u an tity
and appearance o f  the l e a f  wax i s  taownl s * ^ *  to  d i f f e r  
on the  ab a x ia l  and adax ln i su rfa c e s , the  p re se n t work
concerns the to ta l  wax from both surfaces. The leaves 
were generally  examined as soon as possib le a f te r  
c o l le c t io n  o f  the en tire  p lan t which, in  most c a s e s , 
survived even prolonged storage*
A re p re s e n ta tiv e  sample (100 g*) o f  le a v e s  (p ick ed  
from se v e ra l in d iv id u a l p la n ts  o f  the p a r t i c u la r  sp e c ie s , 
c o l le c te d  a t  the same s ta t io n )  iirns e x t r a c te d  by d ipp ing  
sm all “bunches or ind ividual le a v e s  fo r  30 se c , in  each 
Of th re e  su ccessiv e  sm all volumes (50 m l,,  85 ml** and 
38 m l.) o f  chloroform , In some cases  com plete “buds, 
unopened o r  p a r t i a l l y  opened, o f  sm all le a v e s  were 
ex tra c te d *  The combined e x t r a c t  was f i l t e r e d  to  
remove suspended m a tte r  and the f i l t r a t e  and washings 
evaporated to  dryness under reduced p re s s u re , The 
residue
as a s o l id  f ilm  (P erk ln -tam er Hodel 13 o r  13?; c f .
F ig . 2a),
T ests  w ith f u r th e r  volumes o f  chloroform  and a lso  
with l i g h t  petroleum  dem onstrated th a t  t h i s  ra p id  and 
sim ple procedure- adequate ly  d isso lv e d  the  su rfa ce  wax 
without removing any o f  the  cytoplasm ic c o n s t i tu e n ts ,  
A f te r  t h i s  trea tm en t the f le sh y - le a v e d  sp e c ie s  f re q u e n tly  
exuded in  a dram atic manner co n s id e rab le  q u a n t i t ie s  o f
I s o la t io n  o f  the  Hydrocarbon C onten t.
The wax (50-880 m g,) was heated  fo r  8  h r ,  w ith  
e th a n o lic  potassium  hydroxide ( i  g, in  30 m l ,) ;  th e
e th an o l was removed uncle i5 reduced pressure end the 
re s id u e  ex trac ted  consecutively with three XfO ml. 
portions o f 60-80° l ig h t  petroleum* After concen­
tration  to  sm all b u lk , the petroleum  ex tra c t was passed 
down a column o f basic alumina (10 cm. by 1 cm* 
B roetaann , Grade I I )  fo llow ed by e lu tion  with l i g h t  
petroleum * The so lv e n t was removed from the f i r s t  
BO ml* o f e lu a te  under reduced p ressu re j the re s id u e  
was weighed and i t s  in fra  red spectrum reco rded  ( s o l id  
f i lm ) .  The residue represented about 95? o f  the 
t o t a l  hydrocarbon content o f the wax and contained no 
con tam inan ts o f d iffe ren t functional type (Fig-* £b)* 
IfeCpCtition o f  the  a lk a li treatm ent on t h i s  p roduct 
caused  no change in  the hydroecarbon proportions* An 
a l te r n a t iv e  simpler procedure in  which the h y d ro ly s is  
S tep  was om itted, was employed In two cases (Table S;
$0 and 54)* The residue from the chloroform e x t r a c t  
was chrom atographed directly®®*®^* as above* The f i r s t  
§0  ml* o f  the  e lu a te  fu rn ish ed  a hydrocarbon f r a c t io n  
id e n t ic a l  in  com position w ith  th e  p roduct o b ta in ed  by  
th e  above a lk a li  treatment#
A Pye "Argon ons Chroma to graph" (c*^Sr d e te c to r )  
was u sed  w ith  a 120 x 0 ,5  cm* column o f  O e li te  (80-100 
mesh ■ coa ted  with 0*5$ o f  Apiezon L grease d ep o s ited  
from 60*80° l i g h t  petroleum* G en era lly , the  hydro* 
carbon m ix tu re  ( ~ 2  mg*) 1b warm o(~m®thylnaph th a len e  
( ^ 5 0  mg*) was applied to the heated column ( ~ 250° )  
in  0*1  ml loads* Several columns were used as 
p ro longed  o p e ra tio n  a t  th is  tem perature r e s u l te d  In  
denudation  o f  s ta t io n a ry  phase* ’Typical chromatograms 
a re  i l l u s t r a t e d  in  Pig*3. The peaks were ass ig n ed  on 
th e  b a s is  o f  addition  o f genuine n-aiicanes which 
r e s u l te d  in in te n s if ic a tio n  o f the apx>ropriate peaks* 
F urther*  © l in e a r  re la tio n sh ip  was obtained between the  
lo g  ©f the r e te n tio n  time (H^) and the assig n ed  n -a lkane  
earbon number (P ig .4 ) ,  Nearly a l l  the rem aining peaks 
showed a p a r a l l e l  s t r a ig h t  l in e  re la tio n sh ip  (F ig*4) 
and were consequen tly  a ttr ib u te d  to  is a a lk a n e s  ( 0 -m eth y l- 
a l to n e s ) ? * ^ *  C onfirm ation o f t h i s  l a t t e r  conclu sion  
was d e riv e d  from the enhancement o f the  a p p ro p ria te  
peak by  a d d itio n  o f a genuine asmpl©^* o f  2-m eth y l- 
d o tr ia e o n tens and from the In fra  rod c!:xroc t e r i  s t i ca 
o f  the  hydrocarbon mixture its e lf*  .The absence o f
73.
tausa tu ra te d  hydro carbons and oxygon-contain ing  
components was fu r th e r  checked in one case (41) by  
th e  v i r t u a l  constancy  of the  gas chromatogram p a t te rn  
even a f t e r  se v e ra l ho u rs1 trea tm en t of the  hydrocarbon 
m ix tu re  (40) w ith  ho t co n cen tra ted  su lp h u ric  acid?'"'* 
fhe  co n ten t o f  in d iv id u a l hydrocarbons in  the 
m ix tu re s  i s  expressed in  fa b le  53 as an a rea  percen tage  
d e riv e d  from the area o f the  r e le v a n t peak and the 
t o t a l  a rea  o f  a l l  the peaks between Gog and Ogg 
in c lu s iv e .  Alkanes below and above these l im i t s  
have been ignored  as control experiments w ith  weighed 
m ix tu re s  show them to be present in  only tr a c e  amounts* 
A reas were determ ined by p lan irae te r  ( s ix  d e te rm in a tio n s) 
f o r  chromatograms w ith  a l l  peaks on sc a le  and w ith  the 
m ajor c o n s t i tu e n ts  re g is te rin g  alm ost f u l l  scale* 
A ccuracy was checked by repeat analyses ( e .g .  44-46) 
and the  p e rcen tag es  in  rfable 2  seem to  be rep ro d u c ib le  
to  % 6$ ,  a v a r ia t io n  due to  d e te c to r -a m p llf le r  and 
p la n im e te rin g  e r r o r s .  While no t n e g l ig ib le  t h i s  
d e v ia tio n  i s  d e f in i t e ly  too s n a i l  to in v a lid a te  th e  
g en era l co n c lu s io n s . E valua tion  of sy n th e tic  m ix tu re s
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o f  n - and 1 sea l leones confirm ed the d e te c to r  response
to  be p ro p o rtio n a l to  the m olar co n c en tra tio n  and
was v i r t u a l l y  the  same fo r  the  two types o f
hydrocarbon*
"Column e f f i c i e n c ie s 51 ' * were o f  the  o rd e r  o f
1000-2500 th e o re t ic a l  p la te s  f o r  the hydrocarbons
in  the  C$0 reg io n  ( re te n t io n  tim es ca SS m in*).
**?In  P ig .3* the  "peak r e s o lu t io n s ”**'J* w ere, f o r  example, 
1 .3  f o r  th e  n~ and iso -O ^ ^ a lk a n e  peaks and 2 .9  fo r  
th e  n^alkane and 0g2  peaks.
T able 2.
S pec  u s
Ahjnium 
Section iiolochrvsu
A. m anriqueorum 1 0 95
A. holochrysum i 0 15
A. rubro lincatum 3 0 15
Section Urbica
A. percam eum 4 0 2
A. percarncum 5 0 3
A. percam eum 6 0  1
A. haw orth ii 7 0 1
A. decorum S 0 1
A. castello-paive 9 0  1
A. urbicum 10 0-25
A. urbicum 11 0 1
A. urbicum 12 0 1
A. urbicum 13 0 2
A. urbicum 14 0 2
A. urbicum 15 0 1
A. urbicum 16 0  1
A. urbicum 17 , 0 0 5
A. urbicum 18 i 0  1
Section Megaionium
A. nobile 19 0 2
Section Canariensia
A. cuncatum 20 0 1
A. cuncutu ip 21 0 0 5
A. canarierise 22 0 0 5
A. canaricnse 23
A. palm ensc 24 0 2 5
A. subplanum ,2 5 0 0 5
A. virgineum 26 0 0 5
A. labulaeform c 2 / 0 0 5
Section Goochia
A. goochiae 28 0 7
A. viscatum 29 I I





A. scdifolium 35 0 9
A. sm ithii 36 0  1
A. cruentum 37 0 4
A. spathu la tum 38 3-8
A. spathu latum 39
A. spathu latum 40
A. spathu latum 41
A. cacspitosum 42 0-25
A. caespitosum 43 0 2 5
H ydrocarbon m ixture 44
Repeat run 45
Repeat run 46
A ic h r y s o n
Ai. dichotom um 47 0 2
Ai. punctatum 48 0 0 5
Ai. unidentified 49 0 0 5
G K tkN O V IA
G . tu rc a 50 01
G . aurea 51 0 0 5
G . diplpcycla 52 0 0 5
- G . unidentified 53 0 0 5
G . unidentified 54 0  3
G . unidcniiftcd 55
G . unidentified 56 0 0 5
G . unidentified 57 0 0 5
Leaf W ax
x s 15
D istribution  in mqie percentage o f the h y d ro c a rb o n  in the hydrocarbon fraction o f the leaf wax












I I • 2
2-5 30 I • • • 2
1 45 I 1 ; • T
0-5 40 1 ’ 1 2
45 ! •
9 10 1 1 • 3
5 1 2 • 8
1 • • 1
5 • 2 • • 2
• 2 ! • 2
15 • • • 1
• • • 1
12 5 . 1 1
1 20 •
4-5 25 • •
7-5 2 •
• • • •










2 55 • 1 • •
0 6 35 1
____ 35 _ _ - L
• •
1 35 • • •
1 45 • • • •
1 20 • 1
15 • • •
1 50
1 20 • • • 1





3 • • 9
1 • 3
1 • • 7
2
7 j 2 16
12 1 13
8 • II
9 1 1 16
8 1 1 1 16
5 1 1 20
5 1 1 .22
2 • 10





















n / v< 1 . 1!
4 15 | 38
4 12 1 48
3 1 14 sq
5'u
13 2 1 '4 2 1 t>
9 4 79 , 2 4
8 j 2 4 80 1 1 •»
21 I 3 3 ; 68 ! i . • I 2
25 5 5 59 : 1 1 2
30 3 1 59 , 1 5
20 3 68 1
( I 3
21 4 1 2 63 1 1 6
15 1 1 4 69 1 * j ! 6
16 ' 3 6 -’O ) 1 3
•>■> s 1 6 8 : 1 , 2
15 1 4 4 72 , 1 2
12 3 1 69 2 • 13
12 3 -> 74 1 • 5
21 ' 3 T 64 s
12 • 3 1 76 2 1 *5
27
1
1 3 2 63 1 • 4
29 2 2 60 1 • ■ 4
21 1 , 4 23 36 i • 1 2
10 1 ! 1 39 25 ! . 4
14 1 : 3 26 35 • 1 ■y 2
36 3 4 45 I T 3
14 1 ! 2 23 33 3 4
79 | 2 17
14 3 2 17 21 3 4
18 12 16 . •
22 1 2 18 27 2 2
17 1 T 15 19 2
17 1 2 17 19 •
16 1 3 20 16 • • 2 1
16 1 2 20 14 • 2 1
17 1 3 25 34 2 2
17 1 3 22 19 • • 3 I
53 3 4 29 3
56 4 5 24
54 8 18
59 2 5 14
51 • 2 7 21
13 1 3 16 57 1 1 2
13 2 16 58 • 2 3
13 1 2 35 35
12 1 2 35 34
12 1 3 34 33
_
12 4 2 4 62 2 1 • 6
17 4 3 62 1 3 6
13 7 2 14 41 2 2 3
9 1 1 80 1 7
8 1 76 ; 2 12
4
| J
2 78 1 2 9
8 3 72 ( ■ T 7
4 j i 3 75 1 1 2 14
7 1 3 2 77 1 10
5 1 1 T 82 1 1 8
5 1 2 2 81 i 2 8
T a b le  2 continued.





M. laxiflora 59 3 1
M. poiyphylla 60 04
M. muralis 61
M. muralis 62
M. anagensis 63 20
M. brauchycaula 64 0 1
M. pallcns 65 0-25
StIJIM
S. anglicum • 66











I cut Wax |
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D istribunon  in m ole percentage o f  the hydrocarbons in I 
i c. I C- c.  c.  c.  t,
: hydrocarbon  fra.
! c„ , c
non  o f  the leafv







/>!> " iso n ISO H iso " iso II iso ; „ iso n ! "
1 • . i 3 ■ 5 2 !  , 1 4 3 i  :
a • • a s i  T 9 4 i 1
• • • • 12 1 ■> 2 8 4 a 1
a • 9 1 8 7 1 ' 2
1 • • 1 15 s 1 77 4
• « 4 T 8 9 1 3
■ . • 1 a 1 0 i • 8 4 1 2
1
— i —
1 1 1 13 - 1 8 0 1 t
1 ]__
1 80 i 9
12
ij  7 2 6 31 i 4
1 1 4 2 1 4 0 3
1 9 *  1 1 1 17 1 4 5 1 1 18
51 1 2 4
. 5 • • 13 1 1 a 7 0 i 8
3 • II 1 67 i 15
15 I 3 23 3 33 a 2
17 | 1 25 1 56
* The species were collected at the following stations: (i) on the island o f Tenerife at Buenavista, 7, 17, 18, 59, 65 and 74; La Laguna, 10, 11; 12, 13 and 
67; Las Mercedes. 14 and 15; the Forestry Gardens, La Laguna, 20 and 21; San Juan de la Rambla, 27; Santa Ursula. 16; Baja mar, 30,31, 32; Canadas, 36; 
Aguamansa, 38, 39, 40, 41; Puma de Hidalgo, 48; La Esperanza, 50 and 51; Playa de Martianez, 60 and 64; Punta de Anapa, 63; Taco, 72; and at 
undetermined locations, 2, 22, 23, 47, 69, 70 and 71: (ii) on the island of Gran Canaria at Tafira, I ; Santa Brigida, 5 and 6; Firgas, 26; Lagunetes, 4, 42 
and 43; S in  Mateo, 54 and 55; and at an undetermined location, 49: (iii) on the island o f Camera at Cheielipe, 8, 33, 34, 57 and 58; Agulo, 53; TuneL 56; 
and at undetermined locations, 3, 9, 25, 29, 52 and 73: (rv) on the island o f La Palma at Tazacorte, 35: Mazo, 37 and 62; and at undetermined locations, 
19,24 and 28: (v) on the island o f Hierro at Sabinosa, 61: and (vi) at Portencrou, Scotland, 66 and 68.
The species were collected during the following months: September I960, I, 2, 3, 4, 5. 9, 10, II. 12, 13, 20. 22, 25, 26. 27, 30. 42, 47, 48, 49, 54, 55, 7f 
and 71; October, 38, 52. 53, 56, 57 and 63; November, 6, 14, 15 and 43; December, 7, 8, 17. 18, 19, 24, 28, 29, 35, 37, 59, 65. 74: January 1961, 21, 36, 60 
62,64, 69 and 73; February. 16. 50, 51 and 72; March, 39,40 and 41; April, 23, 31, 32, 33. 34, 58. 61 and 67; May. 66 and 68.
Specific points concerning the origins of the wax extracts are as follows:
Species numbers i 10-13 are repeat extractions of fresh leaves from the same botch of individuals of that species; 15, immature leaves; 16 and 55, dead 
leaves in a naturally desiccated condition; 17 and 18 differ in that they were collected at different altitudes in the same district; 32 and 34, hydrocarbon 
fractions isolated solely by column chromatography; 39, the plant was in flower; 41 is the hydrocarbon fraction from sp. 40 alter treatment with 
concentrated H,SO, for 3 hrs at I20C ; 44-46 are replicate analyses o f the same hydrocarbon mixture; 51, young individuals; S3 and 54, possible G. tbphcydu  
and G. aurea. respectively but identification awaits appearance o f flowers; 69 and 73, stalk wax in addition to leaf wax—all other species numbers were 
derived from leaf surface waxes only.
t  Wet wt. (%) -  wt. of wax extract/wt. o f undried leaves. Values are approximated to nearest 0 05  per cent.
j  Dry in . (%) ^  wt. o f wax extract/wt. of leaves after air drying to constant weight. Values are approximated to nearest 0-5 per cent. Data are
incomplete due to difficulties in drying many species.
I HjC  (*„) =  wt. hydrocarbon fraction/wt. o f wax extract. Values greater thun 5 per cent are approximated to nearest S per cent.
II The content o f an individual hydrocarbon is expressed as a mole percentage of the total hydrocarbon content ftom ( V C *  inclusive. The mole 
pctccniugc is taken as being equivalent to the area percentage, U . where A» is the area o f the peak corresponding to the hydrocarbon 
CoHm t i  in the gavlkiuid chromatograms (cf. Fig. 3). The values are approximated to the nearest I per cent and peaks o f relative area < 1 pet cent are 
indicated by •  . The species 67-74 were measured over the range C i.-C * as there is an appreciable content o f these hydrocarbons C „  and CM thus: 67 
has n-C,, I per cent. n-C„ 2 per cent; 68 has traces o f *-C„ ondCVM; 70 has u-Cn  2 per cent, * C M I per cent; 73 has * C H S per cent.
0COCO















F ig .  2 The i n f r a  red  -spectrum ( s o l i d  f i lm  r~ rrr  (a )  
a s  e x t r a c t e d  .-from, th,e pjLanjt ( .Aeonium manr 1 oueorum 
(b ) th e  -hydrocarbon f r a c t i o n  derivec! rrom V.-iis wax.
and o f
F i g .  b  P l o t  o f  th e  lo g  of th e  r e t e n t i o n  tim e a g a i n s t  carbon  
number f o r  th e  neaks a s s ig n e d  to  n -  and .iso-  a lk a n e s .  Data 
from th e  Gas L iq u id  Chromatogram X F ig .3) o f  th e  h yd ro ca rb o n  
f r a c t i o n  o f  th e  " le a f  wax o f  Aeonium s a u n d e r s i i - B o l l e .
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5 D i s t r i b u t i o n  i n  mole p e rc e n ta g e  o f  11
C r> a ~   1 •»o ■* u     w^i.vttg'9 Ui U“ and is o -  a lkanesu i n  the h y d ro c a rb o n  f r a c t i o n  o f tE e  s u r f a c e  waxes
from t h e ^ l e a v e  o f I n d i v id u a l  s p e c i e s  o f  th e  g e n e ra  
M onanthes, Gr* novi A ic h ry so n , Aeonium, Sedum, E uphorb ir  
Lolium and D racaen a , ( In  two s p e c i e s  E uphorb ia  a p h y l l a  
and E* p e p lu s  th e  wax r i g i n a t e s  from s t a l k  and l e a v e s  )• 


























5 am  l a a -  a lkanes- —  A —  - ■- • ■- u w-i. ii~ ■-'Jj.iu x b U •» cli.KQ.XlGSi n  th e  h y d ro c a rb o n  f r a c t i o n  o f  th e  s u r f a c e  v a x e s  
f t d m  t h ^ l  eaves  o f  i n d i v i d u a l  s p e c i e s  o f  th e  g e n e ra  
M onanthes , G re e n o v ia ? A ic h ry so n , Aeonium5 Seclum, Euphorbi 
Lolium  and D racaena . ( In  tvo  s p e c i e s  E uphorb ia  a p h y l l a  
and E. p e p lu s  the  max o r i g i n a t e s  from s t a l k  and l e a v e s  ) ,  
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ELUCIDATION OF ALKANE STRUCTURES BY G . L A J 0
SPECTROSCOPIC METHODS.
INTRODUCTION#
In  S ections I I  and I I I  i t  was assumed th a t  th e  
c o n s t i tu e n ts  o f  th e  alkane f r a c t io n  o f l e a f  waxes 
were n and i  to -a lk an e  s . This assum ption was based 
on analogy w ith  the  p la n t a lkane  s tu d ie s  o f  Murray^ 
and o f C a rru th e rs  and th e i r  c o l la b o ra to rs . F u rth e r 
i n  our c a s e 9 th e  peaks assig n ed  to  n -a lk an es f e l l  
on a l i n e  When th e i r  logarithm  re te n t io n  tim es were 
p lo t te d  a g a in s t  carbon number and the  iso * a lk an es 
on a second p a r a l l e l  l in e .  However i t  was r e a l i s e d  
th a t  th e re  were o th e r compounds which m ight f i t  
such G.L.C. d a ta  e .g . u n sa tu ra ted  compounds, 
a lk an es  w ith  branched chains and alkanes w ith  
a l i c y c l i c  r in g s  a tta c h ed , and i t  was decided to  
in v e s t ig a te  th e se  o th e r p o s s i b i l i t i e s  by in f r a  red  
sp e c tro sc o p ic , gas l iq u id  chrom atographic and mass 
sp ec tro m e tric  study  of a few wax f ra c t io n s  and o f  
s tan d ard  a lk an es , We were fo r tu n a te  in  o b ta in in g  
pure  standard  hydrocarbons from Dr, A.C. C h ib n a ll,
F .R .S . , Dr. Wibaut o f the  U n iv e rs ity  of Amsterdam,
H olland and Dr, Dixon o f the  American Petroleum  
I n s t i t u t e ,  Pennsylvania S ta te  U n iv e rs ity ,to  whom 
we a re  g re a t ly  in d eb ted .
RESULTS AND DISCUSSION*
The assum ption, which was made in  S ec tio n s  
I I  and I I I ,  and mentioned above, was th a t  th e  
components o f  the  alkane f r a c t io n  were a l l  e i th e r  
iso  o r  alkane s . The only  evidence fo r  th i s  
was th e  r e l a t i v e  r e te n t io n  tim e o f th e  Xk and 
i s o - alkanes*  From Tables I  A and B i t  can be 
seen th a t  5-m ethylpentadecane and 5-buty ldodeeane 
have r e te n t io n  tim es which would d is t in g u is h  
them from e i th e r  n or i s o -a lk a n es . However
2-e th y lte tra c o s a n e  has th e  same r e te n t io n  tim e 
r e l a t i v e  to  n - as 2-m ethylpentadecane r e la t iv e  
to  n -  an^ 2-m ethylpentadecane cannot be
sep a ra ted  from 3-m ethylpentadecane. n-H eptacosane, 
1-cy c lo h e x y le i c osane and 1-cye lo p en ty lh en eico san e  
cannot be reso lved  and 2-cy e lo h ex y le ico san e  could 
be m is tak en  fo r  is o -  C2 7 . I t  i s  reaso n ab le  to  
suppose th a t  these  f in d in g s  concerning s p e c if ic  
hydrocarbons a re  tru e  fo r  a l l  hydrocarbons in  
the  C22 -  C36 range.
I t  would thus seem th a t  i t  i s  n o t p o ss ib le
to  make p o s it iv e  id e n t i f ic a t io n  o f th e  alkane
c o n s ti tu e n ts  o f waxes by G,I»,C, alone* In  o th e r
ty p es  o f  G*L«C* an a ly ses  i t  i s  p o s s ib le  to  use  a
second more p o la r  s ta t io n a ry  phase and to  compare
th e  r e l a t iv e  r e te n t io n  tim es o f stan d ard s on th e
two columns* However w ith th e se  h igh  m olecular
w eight compounds, th e  a l te r n a t iv e  s ta t io n a ry
phase ( s i l ic o n e  gum) was no t capab le o f
se p a ra tin g  1-cyo lopen ty lheneico  sane and 1 -cy e lo -
h ex y le ieo san e .
The in f r a  red  sp e c tra  o f  the  s tan d ard  alkanes
-1i n  th e  range 130G -  1500 cm, a re  h e lp fu l  in
d is t in g u is h in g  between d i f f e r e n t  ty p e s . The d a ta
-1from th e  reg io n  2850 -  2960 cm* a ls o  g iv es
in fo rm atio n  concerning th e  methyl and m ethylene
groups i n  standard  hydrocarbons (Table I I I )  bu t
I t  i s  more d i f f i c u l t  to  in te r p r e t  than  th a t  i n  th e  
- II 300 * 1500 cm, reg io n  so i t  was decided  to  
c o n c e n tra te  on th i s  l a t t e r  range. In  th e  rang©
1300 -  l f^OO cm,"3*, the  q-  a lkanes absorb a t  I 38O cm, 
due to  th e  symmetric C-H deform ation  o f th e  m ethyl
group and a t  1370 , 1355 j and 13 +^0 cm# ^ in  broad
d if fu s e  peakss probably  due to  s k e le ta l  v ib r a t io n s ,
which in c re a se  in  in te n s i ty  w ith  in c re a s in g
m olecular weight# In tro d u c tio n  o f a cyclohexane
o r cyclopentane r in g  to  th e  hydrocarbon ch a in
( fa b le  I I )  confirm s th a t  th e  138G e n u ^  peak i s
due to  m ethyl deform ation s in c e  i t s  in te n s i t y  i s
reduced when th e  a l ic y c l ie  r in g  i s  in  th e  1«*
p o s i t io n  compared w ith th e  in te n s i ty  when i t  i s  in
th e  2- p o s itio n #  In tro d u c tio n  of an a lk y l s id e
-1chain  in c re a se s  the  methyl ab so rp tio n  ( I 38O cm* )
except when th e  side  cha in  i s  methyl in  th e  2-  
p o s i t io n  w here? the gem dim ethyl group so formed, 
has very  in te n se  c h a r a c te r i s t ic  ab so rp tio n  a t  1386 
and 1368 cm**”3* (Fig# 1, nos# (11) and (111))* 
fhus fo r  s tandard  hydrocarbons i t  i s  p o s s ib le  to  
d is t in g u is h  between 2-m ethylpentadecane and
3-m ethylpentadecane or 3-e th y lte tra e o s a n e  i* e .  in  
genera l term s in f r a  red  ab so rp tio n  w i l l  d is t in g u is h  
between th e  Iso -a lk an e  and in  alkane w ith  any o th e r 
branched chain# I t  i s  no t however p o s s ib le  to  
d is t in g u is h  between 3-e th y lte tra c o s a n e  and 3-m ethy l- 
pentadecane though w ith th e se  two s p e c if ic
examples, th e  e f f e c t  o f Increased  m olecular
w eight on th e  s k e le ta l  v ib ra tio n s  i s  n o tic e a b le
(Table I I)*  This means th a t  th e  o th er branched
a lk an es cannot be d is tin g u ish e d  by in f r a  red*
I t  was im possib le  to  re so lv e  n - C27 from
l^cy c lo h ex y le ico san e  and 1- cy c lo p en ty le ico san e
by G*L*C# As mentioned above th e  in f r a  red
-1ab so rp tio n  (1300  -  lk-00 cm* ) o f 1~ cyclo
compounds I s  such th a t  th e  I n te n s i ty  o f  th e  
-1
1380  cm# band i s  reduced w ith  the  r e s u l t  th a t  
th e se  compounds cannot be d is tin g u ish e d  by in f r a
red  spectroscopy# However, l-cy c lo h o x y le ico san e
-1absorbs a t  lM+5 cm# due to  unperturbed
m ethylenes in  an a l ic y c l ic  r in g  much more in te n s e ly
th a n  1-cy e lo p en ty lh en e ico san e , thus in f r a  red
would d is t in g u is h  between n -  C27 , l~cyelohexyl«
eieosane  and 1 -cyclopen ty le icosane*  Table I  A
a ls o  showed th a t  i s o -  C27 and 2-cy c lo h ex y le ico san e
had th e  same r e te n t io n  tim e b u t in f r a  red  ab so rp tio n
-1i n  th e  1300  *■ 1^99 cm, reg io n  c le a r ly  
d is t in g u is h e s  between is o -  a lkanes and 2-cy c lo h ex y l 
d e r iv a t iv e s  (Fig# 1 (11) and Fig# 2 (11) and (1 1 1 )) .
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That th e re  a re  Iso -  alkanes in  th e  wax hydro­
carbon f r a c t io n  i s  b e s t confirmed by co n sid erin g  
Aeonium S m ith ii whose alkane f r a c t io n  has 57$ 
branched hydrocarbon and e x h ib its  th e  very  
c h a r a c te r i s t i c  gem dim ethyl ab so rp tio n  F ig . 1 (V I). 
The o n ly  d if fe re n c e  between the ab so rp tio n s  of
Aeonium S m ith ii and 2 -m ethy ldo triacon tane  i s  in  
-1th e  1379 cm. peak which i s  more in te n se  in  th e
n a tu ra l  wax due to  th e  n-hydrocarbons p re se n t.
The I .R . ab so rp tio n  o f th e  wax hydrocarbons o f
Monanthes l a x i f lo r a  i s  very  s im ila r  to  th e
a b so rp tio n  o f n -d o trlaco n tan e  confirm ing th e
G.L.C. a n a ly s is .
In  th e  l*fOO -  1500 cm.**1 region* there i s
a b so rp tio n  due to  methylene s c is s o r in g  v ib ra t io n s ,
1**67 cm* and to  methyl asymmetric deform ation ,
—11^58 cm* • The diagrams in  F ig , 2 can be seen 
to  be very  s im ila r  and th e re  i s  no way o f 
d is t in g u is h in g  between Aeonitp S m ith ii and 
Monanthes l a x i f lo r a  . R. N. Jones^* claim s th a t  
th e  asymmetry on the  lower frequency s id e  o f th e  
lb 67  cm. 1"1 peak i s  more marked a t  h ig h e r m olecular
88#
w eight and due to  coupling  between th e  sc is so r in g  
v ib ra t io n s  of s u ita b ly  o r ie n ta te d  v ic in a l  m ethylene 
groups i n  randomly c o ile d  chains or from coupling 
o f  a  m ethylene sc is so r in g  v ib ra tio n  w ith  th e  f i r s t  
overtone  o f  th e  rocking v ib ra t io n  a t  722 -  719 cm#"”1 * 
Our r e s u l t s  confirm th a t  th e  asymmetry i s  g re a te r  
a t  h ig h e r m olecular w eight bu t in  th e  hexadecane 
s e r ie s  th e  c a lc u la te d  ab so rp tio n  c o e f f ic ie n t  i s  
much low er than  we have found#
By use  o f  the  form ulae derived  by E* N# Jones^* 
( fa b le  I I I )  i t  i s  p o s s ib le  to  c a lc u la te  an apparen t 
m olecu lar e x tin c t io n  c o e f f ic ie n t  fo r  th e  
n -hydrocarbons• The c a lc u la te d  v a lu es (Table I I )  
ag ree  w ith  the  values found fo r  the  n-hydrocarbons 
except i n  th e  case o f d o triaco n tan e  where th e  
c a lc u la te d  i s  much h igher than  th e  observed 
value# T his fin d in g  i s  in  agreement w ith  th e  f a c t  
th a t  an a ly s is  shows i t  to  c o n ta in  a high
p ro p o rtio n  o f n - C2g . The observed e x t in c t io n  
c o e f f ic ie n t  fo r  Monanthes l a x i f l o r a  o f  th e  1379 
cm#"1 peak9 53 , i s  in  good agreement w ith  th e  
c a lc u la te d  v a lu e , 53, assuming th e  M olecular W eight
fo r  n - C33 which G*L*C* suggests# The in te n s i ty  
o f  th e  a b so rp tio n , 1 7 6 , o f  the  peak a t  1379 cm, -1  
In  squalane i s  much h ig h e r than th a t  value 
c a lc u la te d , 136 , by sssuming th a t  I t  i s  due to  
fo u r m ethyl groups each w ith  a w eight o f th e  s in g le  
m ethyl group in  2-m ethyldotriacontane# This 
suggests  th a t  these  m ethyl groups in  th e  middle 
o f th e  ch a in  have g re a te r  ab so rp tio n  th an  those 
a t  th e  end*
Thus f a r  we have shown th a t  a t  l e a s t  In  the  
wax o f Aeonium S m ith ii* the  components which f a l l  
on th e  second p a r a l le l  l in e  in  the p lo t  o f
lo g a r l t r ia  r e te n tio n  tim e a g a in s t carbon number a re
1 bI s o -  alkanes* Both Murray *and Whitham had
shown th a t  a lkanes could be removed from a
m ix tu re  by absorbing them on to  Linde 5A° sieve#
They had ap p lied  th i s  to  G.L.C. a n a ly s is  and
removed alkanes from a m ixture to  p erm it
th e  a n a ly s is  of the  is o -  allcanes. We attem pted
u n su c c e s s fu lly  to  use a sh o rt column o f  Linde
siev e  to  ana ly se  the  i s o -  alkanes of
5l in d le v i  b u t since our attem pt Whitham has 
pub lish ed  r e s u l t s  showing th a t  a lthough iso -C 22
i s  no t absorbed by Linde S ieve , 2 -m ethy ldo triacon tane  
i s  absorbed which may ex p la in  why we could no t 
d e te c t  any components from Aeonium l in d le y i  
a lkanes u sing  su b tra c tiv e  G« L*C. 0 fConnor^# has 
shown re c e n t ly  th a t  |i -  allcanes can be removed from 
p a ra f f in  wax by re f lu x in g  i t  in  is o -  pen tane w ith  
p e l l e t s  o f  Linde Sieve# This may be th e  e a s ie s t  
method o f  ta c k lin g  the  se p a ra tio n  o f Iso -  a lkanes 
in  any fu tu re  work*
A study  o f the  n u c lea r m agnetic resonance 
sp e c tra  o f  th e  hydrocarbon f ra c t io n s  o f some 
waxes and o f some standard  hydrocarbons was n o t 
very  in s t r u c t iv e  since th e  methyl peaks, b' = 9 *0 ,
9 *$+ and 9*10 were much sm alle r than  th e  m ethylene 
peak ,? ' = 8*73 making q u a n t i ta t iv e  a re a  measurement 
d i f f i c u l t#
The experim ent d escrib ed  in  S ection  I I I  in  
which th e  hydrocarbon f r a c t io n  o f Aeonium m M g m  
was unchanged a f t e r  trea tm en t w ith  co n cen tra ted  
su lp h u ric  a c id  suggested th a t  only a sm all 
p ro p o rtio n  o f alkenes could be p re sen t ( i f  a t  a l l  )• 
Small amounts o f alkenes would be d i f f i c u l t  to
d e te c t  ( e*g* o rd in ary  C and H ana3.ysis would be 
u s e le s s  to  determ ine 1 % o f alkene m a te r ia l ,  in f r a  
red  ab so rp tio n  in  the  1600 -  17OO cnC-^would be 
o f  too  low an in te n s i ty  to  be d e te c te d , i n  th e  
u l t r a  v io le t  spectrum , log  I = 1 o r 2 a t  X^ 195- 205m;i 
would be th e  in te n s i ty  o f a 1 % a lkene m ix tu re and 
th i s  i s  much too sm all to  detect#  I t  was no t 
p o s s ib le  to  determ ine th e  alkene co n ten t o f  th e  wax 
f r a c t io n s  ( i f  p resen t ) bu t means o f ta c k lin g  th e  
problem in c lu d e  o x id a tio n  o f a la rg e  q u a n tity  o f 
th e  hydrocarbon f r a c t io n  w ith  potassium  
permanganate and id e n t i f ic a t io n  o f the  oxygenated 
p o r t io n  as w ell as G.L*C* a n a ly s is  o f th e  u n reac ted  
a lk an es  o r hydrogenation  of the  wax f r a c t io n ,  
fo llow ed  by G*L*C.
As conclusive  evidence fo r  th e  assignm ent o f  
th e  G*L*C* peaks in  the wax alkane f ra c t io n s  to  
i s o — and Qr a lk an es , se p a ra tio n  o f in d iv id u a l 
peaks was accom plished by p re p a ra tiv e  G*L«C* 
fo llow ed by mass spectrog raph ic  an a ly sis*  The r e s u l t s  
o f  th e se  ana ly ses can be seen in  F ig # 3 in  which 
th e  breakdown p a t te rn  o f the  peak assigned  to  th e
l£ 2 “c33 hydrocarbon from A, l in d le v f  i s  very  
s im ila r  to  th a t  of sy n th e tic  2-m ethyldotriacontane* 
th e  diagram  fo r  2 -m ethy ldo triacon tane shows th a t  
th e  p a re n t peak ( the  only  peak o f even mass 
number) i s  20 -  30$ the  abundance o f th e  ( p a ren t 
-  G^Hr?) io n , removal o f th e  io n  ( th e
gem dim ethyl group ) leav in g  a normal hydrocarbon 
chain  o f th re e  carbon atoms fewer than  th e  parent* 
th e  breakdown p a tte rn  i s  then  l ik e  th a t  o f  an 
|i -  a lkane  ( compare w ith th e  review  o f Ryhage^*), 
a  s e r ie s  o f  ions each one CEL, u n it  le s s  th an  the  
proceeding one, in c re as in g  in  abundance as  in  
n-C^Q ( sy n th e tic  ) . I t  i s  suspected th a t  th e  
s l ig h t  d e v ia tio n  from th e  s te a d i ly  in c re a s in g  
abundance peaks in  the  n a tu ra l  I s o- i s  due to  
vary ing  vapour p ressu re  in  th e  mass spectrom eter 
( which may a lso  exp la in  th e  sudden drop in  abundance 
a t  C7 ) *
The breakdown p a t te rn  of th e  peak assigned  to  
in  Monanthes la x i f lo r a  i s  ty p ic a l  o f an 
a lkane ( w ith  again  th e  s l i g h t  v a r ia t io n  in
*1
abundance due to  p ressu re  changes ) . Murray *
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had s ta te d  th a t  th e  peaks a s so c ia te d  w ith  th e  
n -  alkanes o f even carbon number a re  no t 
i s o -  a lkanes b u t a n te - is o  alkanes 
(3~m ethylpentadecane)* We attem pted  to  i s o l a t e  
th e  component which e lu te s  from th e  G#X*G# 
column b efo re  bu t G.L.C, a n a ly s is  showed
th a t  th e  f r a c t io n  trapped con tained  a m ixture 
w ith  th e  peak in  which we were in te re s te d  
p re s e n t to  only  30$. Mass sp ec tro g rap h ic  
a n a ly s is  o f  t h i s  f r a c t io n  gave a breakdown p a t te r n  
rem in iscen t o f  an i s o -  alkane b u t in  f a c t  each o f 
th e  peaks fo r  ^ 2 * C3x? an -^ ^3 0 * appeared
a t  an even mass number showing th a t  they  were 
p a re n t peaks and no t ions from is o -
One o th e r assum ption which was made in  
S e c tio n  I I I  was th a t  the  d e te c to r  response was 
th e  same fo r  branched chain  a lkanes as fo r  n - alkanes# 
In  o rd er to  check the  d e te c to r  response , an a ly se s  o f 
s o lu t io n s  o f known co n cen tra tio n  o f 3-m ethylpentadecane 
and n-hexadecane in  chloroform  were c a rr ie d  o u t by 
G#L,C. and th e  a rea  r a t io  o f  th e  peaks m easured.
The area  o f  th e  branched hydrocarbon peak was found
to  be la r g e r  than would be expected. The 
c a l ib r a t io n  fa c to r  v a r ie s  fo r  each type o f branched 
hydrocarbon — alm ost 1 .0  fo r  the is o -  alkane 
and as  low as 0 .75  fo r  5-m ethylpentadecane (Table IV ).
In  th e  hexadecane s e r ie s ,  mole r a t i o  and w eight 
r a t i o  a re  in te rch an g eab le  but in  com parisons of 
n - tr ia c o n ta n e  and 2 -m ethy ldo triaeon tane  th e  a rea  
r a t i o  can be seen to  be more n e a rly  equal to  the  
mole r a t i o .
In  M urray1 s ana ly ses o f  the wax hydrocarbons, 
he determ ined the  p ro p o rtio n  o f th e  a lkanes 
unmeasured by G.L.C. by weighing h is  sample probe 
b e fo re  and a f te r  a n a ly s is .  Comparison o f  the  peak 
h e ig h ts  and sample w eight w ith  peak h e ig h ts  and 
sample w eight o f m ix tu res o f known hydrocarbons 
showed th a t  o f th e  alkane was analysed* We 
were unable to  use th i s  means o f determ in ing  th e  
unmeasured p ro p o rtio n  o f  th e  wax f r a c t io n  b u t an 
a l t e r n a t iv e  was found* S o lu tions o f  m ix tu res o f 
hydrocarbon f r a c t io n  o f Monanthes and
n-nonacosane o f known co n c en tra tio n s  in
ochloroform  were analysed by G*I»*C* a t  229
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and th e  peak a re a s  measured. From our an a ly ses  
in  S ec tio n  I I I ,  Mo.nanthes l a x i f l o r a  i s  9 8 % pure 
n - t r i t r i a c o n ta n e ,  i t  fo llow s then  th a t  th e  a rea  
r a t i o  o f  th e  n - t r i t r i a c o n ta n e  peak to  the  
n-nonacosane peak should "be equal to  th e  mole 
r a t io #  The measurements o f  th e se  two r a t io s  
show th a t  th e  a re a  r a t io  d i f f e r s  from th e  mole 
r a t i o  by 5 *9 % suggesting  th e  presence o f  l im ite d  
q u a n t i t ie s  o f  components in  th e  Monanthes l a x i f l o r a  
wax o f  m olecu lar weight h ig h er than  o r low er 
th an 23
CONCLUSIONS«
In  Aeonium Sm ith!i and Aeonium l l n d l e v i . we 
have shown th a t  th e  components which were assig n ed  
to  is o «* alkanes a re  is o -  a lk an es . However, i t  i s  
c l e a r ,  from th e  number o f d i f f e r e n t  a lkanes w ith  
s im ila r  r e te n t io n  tim es on G*L*C. a n a ly s is  th a t  
p o s i t iv e  id e n t i f i c a t io n  o f components in  th e  wax 
hydrocarbon f r a c t io n  can on ly  be made a f t e r  
s e p a ra tio n , c o l le c t io n  and mass sp ec tro g rap h ic  
an a ly sis*
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T a b l e  I  A . G a s  c h r o m a t o g r a p h i c  d a t a  f o r  a l k a n e s .
Compound b.p, R elative
reten tion
R ela tive
re ten tio n
time time
5-butyidodeeane 156° 0.56 0 . 5 2
5-methylpentad ecane 163° 0 .72 0,7*4-
3-methylp entad ecane 166° 0.80 0 ,83
2«*me thyl p entad e cane 165° 0.82
n~hexadecane }-J -<3 O O 1 .00 1 .0 0
Run I Run ;
Run I was accomplished a t 1 5 ^ 9 60 m l./m in. on a 0  
Apiezon column, and Run 2 a t 12k f 0  m l./m in. on a 
0 * 0  Apiezon column.
Table I R Gas chromatographic data f  orCp *?. Co^, 






























Runs 3 and ** were accomplished on a 0 * 0  Apiezon column 
with a flow  rate o f 60 m l./m in. and temperatures of 
180° and 18*4- re sp ectiv e ly .
Table I I ,  I n te n s i t ie s  o f the p r in c ip a l  bands in  the  
In fra  red  sp e c tra  o f a lkanes in  the  reg io n  
1330 -  ibQO cm."1
1386em:11380 1368 135^ 13^1
€ e ZcJl £ £ £
n~hexad ecane ^3 1*6 1*+ 8 7
2**m@thylpentadecane ^3 27 1+5 53 7 6
3-methylpentadecane 60 1+5 9 5
5*©©thylpentad ecane 69 1+5 8 8
5~butyld od ecane 68 1+5 8 9
nutriacontane 51 52 37 28 21
n«*dotriaeontane bQ 53 23 17 10
2-methyldotriacontane **6 3fc 53 66 28 19
squalane 122 176 1+7 130
A. Smlthli 37 3^ 56 28 18
A* b l 33 23
M* laxiflora 53 53 36 30 20
n~octacGsane b7 51 31 25 17
3~ethyltetracosane 69 1+9 33 2!+ 13
1-eyclohexyleicosane 32 1+9 28 25
2~cycloh@xyleicosane 63 1+7 32 22
1-cyclopentylheneicosane 29 1+9 26 22 16
7 n-propyltrideeane 6? 1+5 23 12
n-hexacosane b? 56 30 17
Footnotes i s  obtained from form ulae in  Table I I I .  
The modes to  which these  peaks are  assigned  a re  g iven 
in  Table III#
Is.ole II*  I n te n s i t ie s  o f tine p r in c ip a l bands in  the  
in f r a  red  sp e c tra  of alkanes in  th e  reg io n
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t t o . I t
150 l*+7 105 107 k 6
l 6>f 131 95 97 3^
1V3 131 116 97 39
153 131 116 97 Mf
161 131 127 97 57
2 52 259 172 181 72
2M3 299 163 191 59





235 2^3 159 170 78
210 211 155 l 1^ 100
167 195 130 139 159
160 171 127 121 157
177 195 137 139 66
13V 131 123 97 35
229 227 157 159 7I-1-
Table I I I .  R e la tio n sh ip  between band in te n s i ty  and 
chain  len g th  fo r  n~ a lk an es .
Symbol V ib ra tio n a l A bsorption I n te n s i ty
aa&g |
M ethylene v ib ra tio n s  cm.
y  Asym. C-H 2927 77n -  18
stretch
Y  Sym. C~H
stre tch  2 8 5 5 -2 8 5 3  **6 n -  6 *+
S S cissor lk 6 7  8 . On + 35
X Wag 1 3 0 7 - 1 3 0 ^ l,1 5 n  + 1 .5
Methyl v ibrations
Y Asym, C-H 2959-295^* 8 *On + 258
stretch
y  Sytem, C-H 2872-2869 8 .3n  + 110
stretch
8 Asym. C-H i k t f - l b f t  5.2n + 35
deformation
Y  Sym. C-H 1379 OAn + Vl
deformation
In ten sity  can be calculated  by these formulae 
given  by l o n e f o r  n- alkanes where n i s  the  
number o f  methylenes in  the chain 5  <^ n <^ 37»
ta b le  IV. Detector Response.
Comparison o f branched and normal hydrocarbons.
Mixture Runs Area Wt» Mole C alibration
components ra tio ra tio r a tio fa c to r .
n~h ex ad ecane and 1 2.58 2.29 2.29 0 .89
3~me thylpentad ecane
2 2.26 1 .81 1.81 0.80
n*-hexad ecane and 1 2.92 2.29 2.29 0.79
5**methyipentadecane
2 2.75 2 . 0 5 2 . 0 5 0 .75
n-hexadecane and 1 0.76 0 .67 0.67 0 . 8 8
?~butyldodecane 2 1.15 1 .01 1.01 0.88
3 2.61 2.13 2.13 0 .82
n^hexadecane and 1 0.3*+ 0.33 0.33 0 . 9 5







1 , 1 3





0 . 9 5
0 . 9 1
n-1r ia  e ontane and 1 0.52 0.56 0 . 1+3 1.01
2-methyl~ 2 0,95 1 . 0 5 0.97 1 . 0 3
dotrlacontane 3 1.17 1.33 1.22 1 .05
n-hexacosane and 1 2 .3 6 2 .1 8 2*5-2 1 . 0 3
n-nonacosane
2 1.29 1.33 1.58 1 .15
The area r a t io  i s  the ra tio  o f  the areas o f the  
peaks for the two components o f  the mixture (analysed  
by Q#L.C* under conditions as in  Table I ) ,  
th e  weight r a t io  i s  the r a t io  o f  the weights o f  the 
two components in  the m ixture.
the mole r a t io  i s  the ra tio  o f w eights m u ltip lied  
by the recip roca l ra tio  o f the molecular w eights o f  
the components. The ca lib ra tio n  factor  i s  the factor  
by which the area ra tio  must be m ultip lied  to  obtain  
the mole r a t io .
96.
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m io p q c T io y .
. - S arin s ' the  in v e s tig a tio n  o f  the alkane c o n s t i tu e n ts  
Of Arunflo co.nsplc.ua (Oram ineae), Beet Ion XI, i t  was 
O bserved th a t  the crude petro leum  e th e r  e x t r a c ts  showed 
a prom inent peak in  the in f r a  red  a t  1104 cmT  ^ which 
was ab sen t in  the  corresponding  e x t r a c ts  o f  the  o th e r  
Hew Zealand p lan ts*  Moreover* the f r a c t io n  rem aining 
a f t e r  com plete removal o f  a l l  a lc o h o lic , ca rb o x y lic  
and carbonyl components from the t o t a l  petroleum  e th e r -  
s o lu b le  m a te r ia l  s t i l l  e x h ib ite d  th i s  s tro n g  in f r a  red  
a b s o rp tio n , w h ils t  §,L.O* a n a ly s is  showed the p resence 
o f  two a d d i t io n a l components* c le a r ly  n o t be long ing  to  
th e  alkane s e r ie s  as in d ie s  te d  by th e i r  p o s i t io n s  on
m p lo t  o f  th e  lo g arith m  o f  r e te n tio n  tim e a g a in s t
- 1
carbon number* A bsorption a t  ca 1100 cm.* in  the
I n f r a  re d  i s  c h a r a c te r i s t ic  o f  the e th e r  grouping 
as  i s  s o lu b i l i t y  in  co n cen tra ted  su lp h u ric  a c id , a 
p ro p e r ty  shown by  the  two non-alkane components which 
was used to  advantage in  renovir-g them from the
a lk an es  ( S ection  XX)* I t  was therefore assumed th a t  
e th e r s ,  lacking any hydroxyl or earhonyl functions  
were present in Arun&o eorsolcua and in  view o f  th e  
r a r i t y  o f  ouch compounds in  nature (see  K arre r^* ) 
a t te n t io n  was directed  towards the I s o la t io n  and 
c h a ra c te r i s a t io n  o f  these two components* On the  
la rg e  s c a le ,  is o la t io n  o f  the two compounds in  the 
pure form was accomplished by a com bination o f  alum ina 
chrom atography and preparative $.X**C«
f h e 't o t a l  petroleum  e th e r  e x t ra c t iv e s  from the  
f in e ly  ground d r ie d  leav es  o f  Arundo, consolcua were 
chrom atographed on alumina (BroCkmann) and the i n i t i a l  
f a t t y  f r a c t io n s  re jec ted *  fhe c r y s ta l l in e  m a te r ia l  
which e lu te d  in  subsequent fra c tio n s was then  su b je c te d  
to  f u r th e r  chromatography over alumina ( lo e lm ), when 
the  m a te r ia l  e lu tin g  a fter  the i n i t i a l  small q u a n t i t ie s  
Of a lk an es was found to c o n s is t  o f  n. s in g le  component 
(#*1**0. and th in  layer  chrom atography) * This compound
was d es ig n a ted  E th er A* la t e r  fra c tio n s  from the  
second alum ina co l urn were found to contain S th e r  A 
to g e th e r  w ith  p ro g ressiv e ly  increasing p ro p o rtio n s  o f  
a  second component which was d esig n a ted  E ther B*
S ta l l  q u a n t i t ie s  o f  Ether B wore o b ta in ed  in  pure form 
from one such fra ctio n  Irj moans o f  p re p a ra tiv e  G.h.C.
m  scTjssTOH,
STOBR B»
Although a v a ila b le  in  such sm all Q u a n ti t ie s ,
I t h e r  B was deduced to  he the methyl e th e r  o f  ^ -a m y rin . 
I n i t i a l l y  the  o b se rv a tio n  th a t  I th e r  B and ta rex ev o l 
m ethyl e th e r  (p rep ared  from an a u th e n tic  sample o f  
ta ra& ero l k in d ly  su p p lied  by Dr* C, J , % Brooks) showed 
I d e n t ic a l  r e te n t io n  tim es on ou r (h L .0* colum ns, le d  
to  th e  su p p o sitio n  th a t  B ther B m ight be taraaeerol 
m ethyl e th e r*  Our su p p o sitio n  was s tren g th en ed  by 
th e  f a c t  th a t  the methyl e th e r  o f  in ra x e ro l had
r-J **
p re v io u s ly  been r©xx>rte&°, '‘ * as a c o n s t i tu e n t  o f  the  
seed  o i l  o f  Bchlnocloa c ru s /m ll ls  (which l i k e  j^rundp. 
eonsplcma belongs to  the  fam ily  Gramineae) and given 
th e  t r i v i a l  name saw am illetin?*  A r e la te d  compound 
m illae tn ^ *  which was concluded to  he the m ethyl e th e r  
o f  germ anleol was is o la te d  from Po.nlcum m iltaeeum  
(Orem ineae) (T able I)*
However, the in f r a  red  arjectro o f  ta ra x e ro l m ethyl 
e th e r  and B ther B in  carbon te t r a c h lo r id e  s o lu t io n  
Showed s ig n i f ic a n t  d if fe re n c e s  e s p e c ia l ly  in  the 
1500 -  1500 enC1 reg io n  thus c le a r ly  dem onstrating  th e  
n o n - id e n ti ty  o f  the  two compounds. M oreover, the mass
spec tro graphic a n a ly s is  w h ils t  in d ic a t in g  a certa in  
s im i la r i t y  in  crack ing  p a t te rn  and si lowing both  
compounds to  have a m olecu lar w eight, 440, a lso  
Showed s ig n if ic a n t  d ifferences#  Thus taraxerol 
methyl eth er showed an in te n se  peak a t SIS m /e. due 
to  r in gs A, B and 0 w ith  carbons 15 and 16 and a 
m ethyl a t and a peak a t  505 m /e. due to  th is  
ion  minus the m ethyl group a t  C8 . Taraxerol methyl 
■ether a lso  gave an In ten se  'peek a t  219 m/e assignab le  
to  the ion ^X5^24+ wh lch  i s  consid ered  to be due to 
r in g s  D and I  to g e th e r  w ith  a r i s in g  by rupture 
Of the 11-12 and 8-14 bonds.
Bther B» on the o th e r  hand, showed a strong peak 
a t m/e 218 and another peak a t  m/e 205 w ith  20 / the  
in t e n s i t y  o f  the  218 peak and th ese  were- c h a r a c te r i s t i c  
o f  the o lean a-18-ene o r  u rsa-1 8 -en e  system s stron gly  
suggesting  t h a t  B ther B could  be e i th e r  / S -  or ^ -a m y r ir  
methyl ether*
Indeed i t s  m e ltin g  p o in t {248-250°) was very c lo se  
to that o f  the m ethyl e th e r  o f  /?-amyrin which was
d
reported * as 247-248 , th u s su g g estin g  th a t  I t  was 
t h i s  compound r a th e r  than of-amyrin n e th y l e th e r  which 
has a m e ltin g  p o in t 821-882P®*
F a r th e r  evidence f o r ’the f t  -am yrin r a th e r  than  the
tf-am yrin d erivative  was provided from the in fre red
spectrum o f  Bttier B (F ig . 1) in  carb o n  tetrach lor id e
When i t  was found th a t  the r a t io  o f  the in te n s i t y  o f
th e  an g u la r methyl, ab so rp tio n  a t  1574 cm?1 (g  « 75) to
th e  in t e n s i t y  o f  the gem dim ethyl ab so rp tio n  a t  1564 cmT^ *
(S m 18B) gave a value o f  0 .5 7 . This v e ry  low value
su g g ested  th a t  Ith er B had fewer methyl groups r e la t iv e
to  an g u la r  m ethyl groups than c^-amyrere fo r  which th e  
7*r a t i o  i s  1*88* However, ta rn x e ro l methyl e th e r  has
& v alu e  o f  1*55 and i t  may be th a t  the d i f f e r e n t
environm ents o f  the methyls in  K ther B and ta ra x e ro l
m ethyl e th e r  in v a lid a te  th i s  comparison* The peak 
—1a t  1564 cm# was taken for  the gem dim ethyl absorption  
a s  an g u la r  m ethyl absorption interfere©  w ith  the  peak 
22.. 1 3 8 0  cm ?1  8*
I t h e r  B a lso  showed in f r a  red  ab so rp tio n  in  carbon 
te t r a c h lo r id e  s o lu tio n  a t  1646 cmT1 and 810 cnC3, 
c o n s is te n t  w ith  the  presence o f  a t r i s u b s t i t u t e d  double 
bond (a lr e a d y  p laced  in  the 12-15 p o s i t io n  from the  mass 
©peetro g raph ic  ev idence) b u t no absorption could  be 
d e te c te d  a t  5040—5020 emu^, ^5-am y rir I t e e l f  shows no 
ab so rp tio n  a t  5040-5020 cm7*) • .Absorption a t  1440 cmT1
1 0 2 .
Irt I th e r  B, however, was in d ic a t iv e  o f  an a l l y l i e  
m ethylene group.
In  the  u ltr a  v io le t  B ther B showed to absorption  
m bove 280 m,u, A bsorption a t SOS mp>* o f  £ m 6,900 
eerap&red w ith  the  ab so rp tio n  o f  /5 -sm yrin  o f  £ » 8,900  
and o f  taraaeerol o f  £  * 6 ,100 . The r a t io  o f
£ 210^  £ 220 4 .4  fo r  I th e r  B and i t  l a  known9 *
th a t  f o r  t r l s u b s t l t t t t e d  double bonds t h i s  r a t io  i s
8-6  ( ta r a x e ro l  had a ra tio  o f  6 .5 ) .
A uthen tic  fi -am yrln methyl ether was th e re fo re
idp rep a red  by  the  method o f  Mo r ic e  and Simpson*
/5-arayrln m ethyl ether and E th er B proved to  have 
almost id e n tic a l in fra  red absorptions in  th e  1600- 
1800 cm!1 reg io n .
I th er  A.
E th er A {[0(3 ^  * ~9°| c « 1 .69 in  OBDl^), was 
found to  e x h ib i t  dimorphism, th© two fo r m  having 
m e ltin g  p o in ts  255-237° and 271-273°. That th e  two 
fbrms were indeed  dimoyphs and n o t Isom ers was shown 
b y  t h e i r  in te rc o n v e rs io n  on c r y s t a l l i s a t i o n ,  th e  la c k  
o f  a mixed m e ltin g  point depression and by t h e i r  id e n t­
i c a l  in f r a  red spectra. ( I d 0  C1 & so lu tio n ) and 0 .L.C. 
r e te n t io n  tim es. Mass s pectra graphic a n a ly s is
1 0 3 .
in d ic a te d  a m olecu lar w eight o f  43812 and e lem ental 
a n a ly s is  was c o n s is te n t w ith  the  m olecu lar form ula 
c $ l% 0 ts 9 * values, taken in  co n ju n c tio n  with
'til® N.M. K* ®x5®ctrum (Schema 1) and the occurrence o f  
f t  -am yrin  m ethyl e th e r  in  the  same p la n t  p rov ided  f a i r l y  
Conclusive .evidence th a t  E ther A i s  a lso  th e  m ethyl 
C ther o f  a mono hydro x y tr i  terpen©.
U n fo rtu n a te ly  a d i r e c t  methoxyl d e te rm in a tio n  by 
the  l e l s e l  method proved to he im possib le  owing to  the  
i n s o l u b i l i t y  o f  E ther A in  the hydriodie a c id  re a g e n t, 
b u t  the  peak a t  v » 6.58 in the n u c lea r  m agnetic 
resonance spectrum in  deute.rochloroform showing the  
p resence  o f  th ree  protons i s  strong evidence fox- the  
p resence  o f  the  metiioxyl group. At th® same tim e, th e  
Jf*M*3h Spectrum mod® i t  quite c lea r th a t  the  methoxyl 
group was n o t d e riv ed  from a prim ary a lco h o l as th e re  
was no ab so rp tio n  from GHgO-OHg-. f u r th e r  evidence 
f b r  th e  p resence  o f  a methoxyl group was a ffo rd ed  by 
th e  mass spec tram* In  common with the mass sp e c tra  
Of E th er B and ta rc x e ro l methyl e th er , prom inent peaks 
Occured a t  P a ren t -  15, P aren t «* 15-14 and P aren t-'"-"' 15-38.
The f i r s t  peak obviously represented e lim in a tio n  o f  an 
an g u la r m ethyl group ( a l l y l i c a l l y  ac tiva ted ) o r  one
member o f  a gem dim ethyl group b u t the  C erent -  15-14
and the  P a ren t -  15-88 peaks arose from the methoxyl
fu n c tio n  as  they  mere ab sen t In the mass sp e c tra  so
f a r  re p o r te d  * o f  a l l  t r i te r p e n e s  w ithou t t h i s  fu n c tio n .
In  the case  o f  S th e r A the peak a t  P a ren t -  15 was
much s tro n g e r  than  th e  P aren t peak i t s e l f  whereas in
th e  case o f  H ther B and ta ra x e ro l m ethyl e th e r  the
re v e rse  was tru e  in d ic a t in g  a much h ig h e r p ro b a b i l i ty
Wot th e  form ation  o f  the ion P aren t minus m ethyl group
in  I t h e r  k  than  In  the case o f  KSther B o r  ta ra x e ro l
m ethyl e th er#
In  a d d itio n  to  the s tro n g  ab so rp tio n  a t  1104 cm7*
in  the in f r a  red  a sc rlb o h le  to  th e  e th e r  fu n c tio n f
B ther A In  001^ so lu tio n  showed peaks a t  3028 em.7^,
1659 cmT  ^ and 810 cmT^h which ab so rp tio n s  would no t be
in c o n s is te n t  w ith  the presence o f  a. t r l s u b s t i t u t e d
double bond# fhe peak a t  5028 cm7^ cou ld  conceivab ly
a r i s e  from a cyclopropane m ethylene group which u s u a lly
-1absorbs a t  ca* 8040 cm* b u t th e re  m s  no peak in  the  
$» If, H* spec trum corrcsjxsndiTig to a cyclopropane methy1 en© 
a t  r ~ 9*4# The u l t r a  v io le t  spectrum  showed no 
ab so rp tio n  above 220 mjx and has £ » 7,450 a t  205mjx, 
which was comparable w ith the ab so rp tio n  o f  m u lt i-  
f lo r e n o l^ *  (8/5 -hydroxy-Bs C -friedo-oX enne-V -ene) Which
o ccu rs  a t  205 mpu with £ « 4,500 and o f  b a u e re ro l3*^ *
(5/3 -hydroisyvD%C ~frie d o -u rsa -y -en e ) a t  305 mpi w ith  
€  » 4 ,100 . Convention fo r  naming t r i t e  rpenes adopted 
in  t h i s  th e s i s  was th a t  suggested  by  A lla rd  and
© n r is a o n ^ 'C f ig .  8 ) . The r a t io  o f  €  s i o / e S90 ft5r 
E th e r  A was 6 .0  which was in  good agreement w ith
* QBladons r a t io  * o f  5 to 6 xbr t r i s u b s t i t u t e d  double 
bonds* F u rth e r evidence for the presence o f  a t  l e a s t  
one double bond in  Ether A was provided by  the  weak 
yellow  co lo u r produced rhen tc trsn itro m e th a n e  m s  
added to  a chloroform  so lu tio n  o f  Ether A* S everal 
a ttem p ted  hydrogenations fa i le d  to  y ie ld  any compound 
O ther than  unreacted s ta r tin g  m aterial ( in f r a  red  s p e c t r a ) , 
and t h i s  can 'be taken as fu r th e r  evidence o f  the  t r i -  
s u b s t i tu te d  o r  t e t r a s u b s t i tu te d  nature o f  th e  double 
.bond in  view o f  the known r e s is t -n e e  to hydrogenation
14o f  double bonds o f  t h i s  type in  the t r i te rp e n e  s e r ie s ;
-1  *th e  absence o f  a peak a t  ca* 910 cm* in  th e  in f r a  red  
yu led  o u t th e  p resence o f  a v in y l m ethylene group.
Ih e  E.M.E. o f  the E ther A allowed no reco g n isab le  o le f in i c
proton in  the region 5 to t  e 5 , but should the 
double bond be such that coupling between th is  proton
and an adjacent OHr> group occurred, then grave d i f f ic u l t y
would he expected in d is t in g u iching th e  resu lta n t m u lti-
p le t  from the background* At the same tlk'uo i t  i s  to he
noted  th a t  the  s in g le  proton RjgCJH-OCHg o f  the e th e r
Ills©wise can not he distingu ish ed  in  th e  1. spectrum
i f  indeed  i t  i s  p resen t*  Should the  m olecu lar w eight
o f  B th er A he 4-38, the  presence o f  two double bonds in
th e  p e n ta c y c lle  system would be necessary. As a l l
t r l te r p e n o id s  are elaborated In nature in such a way ae
to  p o ssess  s ix  double bond e q u iv a le n ts  (Scheme 1 1 )^ *
th e  second double bond in  B ther A ( i f  p re se n t)  must
he In tro d u ced  a fte r  the b asic  skeleton  i s  com plete.
With concentrated sulphuric a c id , B ther A gave a
fed  f lu o re s c e n t colour sim ilar  to th a t  produced in  th e
SalfeowsM m o d if ic a tio n  o f  the  Mebermann Burehard t e s t  
ISw ith  s t e r o l s  * and th is  might in d icate  cleavage o f  the
m ethyl e th e r  to  give an u n sa tu ra te d  trite rp e n ©  a lc o h o l.
However, attem pted  cleavage o f  B ther A w ith  hydro*
e h lo r ic  a c id  In chloroform  served on ly  to y ie ld  unchanged
s t a r t i n g  m a te r ia l  as shorn by in fra  red  a n a ly s is  w h ils t
the action  o f  concentrated sulphuric, acid  generated
carbonyl fun ction s r'S shorn by in fra  red a n a ly s is ,
—1The absence o f  absorption at ea.IXOO cm* in d ic a te d
t h a t  th e  e th e r  fu n c tio n  vmn Involved* U n fo rtu n a te ly  
c a re fu l  chroma to graph! c moti: up mo 3 r o t  c a r r ie d  o u t 
on the  KCl/CfOl^ tre e  to  t  p roduct and so a s n a i l  
p ro p o rtio n  o f  rea rran g ed  m a te r ia l  mag have been 
m issed  and so no unambiguous in fo rm ation  concerning 
th e  l a b i l i t y  o f  the  double bond was obtained*
f u r th e r  evidence b ea rin g  on th e  tr!te rp en ©  sk e le to n  
o f  B ther A m s  a ffo rd ed  by a study  o f  the  C^C!% 
s t r e tc h in g  ab so rp tio n s  in  0C1A s o lu tio n  in  the  in f r a  
red, Peaba ->t 1381 and 1364 craT1 (£ * 197 ana 158)
were a sc r ib e d  to  gam dim ethyl groups a tta c h e d  to  s ix
17 1raerabered rings*  * Peaks a t  1589 cm* {£ * 95) and
1576 cm* { £ » 850) could  he a sc r ib e d  to  an g u lar m ethyl 
groups* C onsidering  the  gem dim ethyl ab so rp tio n  e t  
1564 cm7* and the  angu lar methyl ab so rp tio n  a t  1578 er-C* 
i t  I s  seen th a t  the value  o f
in te n s i t y  o f  angu lar methyl ab so rp tio n  » 950 . M
«M— ■i—nl B.um.M.w —tI: '■•«»     n w w m m — n i 'iw u m ii w .».•«» » . »  « ■ .«» «  [ . i r r r n i r  SS  J ,  $  4J?<
i n te n s i t y  o f  gem dim ethyl ab so rp tio n  158
In  view o f  th e  f a c t  th a t  the v a lu e  fo r  ta ra x e ro l  m ethyl
e th e r  was 1*55 and th a t  fo r  ^ -am yrene i s  1*887 % i t
would seem sa fe  to  conclude th a t  B ther A p o sse sse s  two
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"1 ?
Ibfldence th a t  Wtker A. i s  h pev,£scyc 11c t r l t e r  :)en© 
was a ffo rd ed  by the absence o f  peaks in  the mass spectrum  
a t  326 o r  327 (p a re n t minus 111 o r  Ilf?) o r  a t  51? o r  5X5 
(p a re n t minus 193 o r  126) which would be expected  to 
a r i s e  from e lim in a tio n  o f  the s id e  chain  a t  0-17 in  the  
ir im e th y l s te ro id  type «* such a s id e  chain  having e ig h t  
carbon atom© (e.g*  in  l a m  s t e r o l ,  eupho l» t i r u c a l l o l 9 
tra ty roeperm ol* ey e lo -a r te ro l) o r  n ine  caifoon atoms 
(e* g . in  euphorboly cjrc lo laudenol) s in ce  Beed and 
Be .May©*®* have shown such s id e  cha in  e l im in a tio n  i s  
u s u a l ly  easy* weak peaks a t t r ib u ta b le  to  such s id e  
ch a in  e lim in a tio n  were d e te c ta b le  in  the  mass sp e c tra  
o f  a v a r ie ty  o f  s te ro id a l  ke tones which were r e c e n t ly  
reported!® *
S im ila r ly  the  absence o f  a peak a t  ?  -  41 ( lo s s  o f  
iso p ro p en y l group) suggested  th a t  k th e r  A d id  n o t be lo n g  
to  th e  lupane se rie s*  In  view o f  a l l  t h i s  evidence 
( in f r a  red  and mass s p e c tr a l)  i t  would seem probable 
th a t  B ther A be longs to the o le  arena group*
A stu d y  o f  the mass spectrum  crack in g  p a t te rn  o f  
B th er A rev e a le d  th a t  the most prom inent peaks between 
m/e 200 and m/e 565 were a t  m/e 041 and m/e 276* I t  
was im m ediately a p p rec ia ted  th a t  these  peaks d i f f e r  by 
32 mass u n i t s ,  a f a c t  which was r e a d i ly  e x p lic a b le  by
th e  lo s s  o f  methanol from the  ior. o f  h ig h e r mass number*
lienee i t  cob be reasonably concluded th a t  th e  sp e c ie s  o f
m o lecu la r w eight 375 re  to  in s  the nethoxyl group ns lo o s
o f  CgH6 4* Hg (mass number 52) i s  h ig h ly  u n l ik e ly  as I s
th e  lo s s  o f  2CK4 o r  2 Cli% * In  th e  l e t t e r  case  i t
would he expected  th a t  a s tro n g  ion  r e s u l t in g  from lo s s
o f  CHg a lone would a lso  be p re se n t b u t th e re  i s  no
s tro n g  peak a t  m/e 258*
B ecen tly  the r e s u l t s  o f  an ex ten siv e  study  o f  the
mass sp ec tro g rap h ic  crack ing  p a t te rn s  o f  a number o f
t r i t e r p e n e s  has been published!*  ’These c l e a r ly
in d ic a te  th a t  B ther A i s  no t oleana-13~e»e o r  u re a -1 2 -
ene d e r iv a t iv e ,  s in ce  the most c h a r a c te r i s t ic  ions o f
compounds belong ing  to th ese  two groups occur a t
m/e  * 218 and m/e 205 due to  the  species V and YI and
such peaks a re  e n t i r e ly  absen t from the  mass spectrum
o f  B ther A# fhe sp e c ie s  V and YX a re  co n sid ered  to
a r i s e  from the re v e rse  B i d s  A lder re a c tio n  shown in
V tl  and e lim in a tio n  o f  the  angu lar m ethyl group a tta c h e d
to  0 -  17* Moreover i t  was a lso  shown th a t  o le an a -1 5(18)-
ene6 g ive double a l l y l i c  eloavage a t trie 11-12 bond
and the  8-14 bond, the m olecule s p l i t t i n g  in to  two
v i r t u a l l y  ecua l h a lv es  with no ions between m/e 205 
and the  p a re n t peak fo r  O le QilQ"*! 5{18)-enes b e a rin g
no.
th e  usual substituents* Hie ex isten ce  o f  strong peaks 
a t 241 and 273 in  the moso spectrum o f  E th e r A in d ic a te d  
th a t  B ther A was not o f  th is  type (the h ighest peak 
p o s s ib le  for 3-me thoxyoleana-0L3( 18 )~en@ would he 236 
a r i s in g  from rings A and B and Carbon 11)* S im ila r ly  
ta ra x e ro l  m ethyl ether gave c h a r a c te r i s t ic  peaks at 
w/q  204, 318 and 303 which were absent in  B th er A 
in d ic a t in g  th a t  Bther A was not o f  the £ ~ fried o ~ o lean s- 
14-ene type* The cracking patterns, o f  o le srm~l8~eres  
showed l e s s  pred ictab le cleavages hut peaks at 177, 189, 
203, 204 and 218 assig n ab le  to  fragm ents co n ta in in g  the  
1 and ® r in g s  end portions o f  ring C should he p re se n t 
in  th e  mass spectrum o f  B ther A i f  i t  were o f  germ nnicol 
type by analogy with the n ess spectra o f  o leana-18 -ene  
and g e m a n ie o l acetate* The absence o f  th e se  peaks in  
th e  mas© spectrum  o f  E ther A in d icated  th e re fo re  th a t  
E th e r  A i s  no t germ anicol methyl e th e r ,  a conclusion  
supported  b y  the absence o f  a v in y lic  pro ton  s in g le t  in  
the  fr.M.B. spectrum and the d ifferen ce in  i t s  m*p*
(271-273°) from that o f  282° re-ported for germ an!col 
methyl ether*
M oreover, such cleavages as have been found in  the  
germ anlcol se r ie s  would no t afford  a raetbozyl contain ing  
fragm ent o f  as high a maos number as 273,
Thus mass sp ec treg rap h ic  a n a ly s is  in d ic a te d  th a t  
B th e r A was no t on o lean a-1 2 -en e , an u rsa —18*ene, an 
o lestia -1 8 ( 18 ) -e n e , a D ~friedo-o le  ana-13-©n© o r  an 
o le an a -1 8 -en e , which to g e th e r  re p re se n t the  more common 
tr lte rp e n ®  types and so i t  must he concluded to  he o f  
a  more novel type* The most l i k e ly  type o f  s t r u c tu re  
(h e a r in g  in  mind the sim ultaneous p resence o f  /3-sm yrin  
m ethyl © ther in  the same p la n t and the p r o b a b i l i ty  o f  
a  c lo se  chem ical r e la t io n s h ip  between the compound and 
B ther A) would seem to  he th a t  o f  a BtC f r ie d o -o le a n a -  
7-ene (VXXI), a DIB fried o -o lean a -9 (ll)« * en e  (IX) o r  a 
BsB f r le d 0 -o leana-l(X O )-ene (X)» Bone o f  th ese  
S tru c tu re s  would give a methoxyl co n ta in in g  ion o f  mass 
u m b e r  273 b y  rev e rse  D ie ls  Aider r e a c tio n s  h u t in  view 
Of the  type o f  c leavages observed in  the germ anleol 
s e r i e s  a t  n o n -a l ly l lc  p o s it io n s  th ese  s t r u c tu re s  cannot 
be  ru le d  o u t on th ese  grounds a lo n e .
I t  i s  o f  i n t e r e s t  to  not© th a t  the doubly u n sa tu ra te d  
im pound  XX$ which invo lves a h i th e r to  unknown type o f  
B**friedo re a rra n g e m e n t would give an ion  o f  mass number 
273 on re v e rse  B iel ©-.Aider r e a c t io n , as  shown, fo llow ed 
b y  e lim in a tio n  o f  a m ethyl group* The form ation  o f  .XI
■no
fxom gerraantcol ( I t s e l f  formed M o g e n e tic a lly  from 
th e  same in te rm ed ia te  as I s  j$ -.amyrln)( Scheme X I), can 
b© env isaged  a© shown in  X II, suggesting  th a t  XI i s  
y e t  another p o ss ib le  s tru c tu re  f o r  lather A*
COTQhtfSXQ.BS.
Bther B has been shown to  b©/3-arayrin methyl ether*
Mass sp ectra l a n a ly s is  gave a m olecu lar w eight 
438 t o r  B ther A* (However, re l ia n c e  cannot be mad© 
to  2 u n ite  a t  t h i s  end o f  the spectrum, and the other  
data make i t  apparen t th a t  the tru e  m olecu lar w eight 
i s ,  in  a l l  p ro b a b i l i ty ,  r e a l ly  440*) Some o f  the 
p o s s ib le  s t r u c tu re s  fo r  B ther A are  ¥111, XX, X, XI 
from mass s p e c tr a l  d a ta .
Bxamination o f  the r e la t io n s h ip  o f  the m elting  
point® and s o f  the known p a ir s  o f  triterpen©  
a lco h o ls  and t h e i r  corresponding m ethyl ether® (Table I )  
in d ica te s  t h a t ,  in  the oleanone s e r ie s  (/?~amyrin and 
germ anicol) ,  the  D f r ie  do-ole anan© s e r ie s  ( ta ra x ero l) 
and the ursane s e r ie s  (g~ ar .iy r in ) , the m o lting  p o in t  o f  
the  m ethyl e t h e r  i s  n o t  o n ly  above 2 W °  b u t a lso  h ig h er 
than  th a t  o f  th e  a l c o h o l ,  w h i l s t  th e  A%) i s  approx* +50* 
Thi® su g g ests  th a t  th e  p e n ta c y c l i c  t r i te rp e n e  a lcoho l 
from which Bther A has been form ed has a m .p . 180-280° 
and a n eg a tiv e  o p t ic a l  r o t a t i o n .
Table 11 g iv es some o f  the a lcoh o ls which have 
physica l properties (m«p*, [<x] B) in  th is  range. I t  i s  
p o ssib le  to elim inate many o f  these a lcoh o ls as p o ss ib le  
p a re n ts  f o r  Bther A, e .g .  spina s te r o l has a s id e  chain  
(mass s p e c tr a l  data rule i t  o u t ) % t a r a x a e te r o l ,
8 /  -h y d ro x y u rsa-l3 ( 18 )~ene and bauerenol belong  to th e  
u rsan e  s e r ie s  (the presence o f  2 p a i r s  o f  gem dim ethy ls 
in  B th er A ru le  them out)*
3 K -hyd rozyo leana-18-ene cannot be the  p a re n t 
a lco h o l (mass sp ectra l a n a ly sis  o f  o lean a-1 8 -en es as 
above) b u t  i t  i s  in te r e stin g  to note that 5 o( Isom ers 
o f  some o f  the other Briedo«oleanaties m ight p o s s ib ly  
fit.
Of th e  alcohol© given in  Table I I ,  m u lt if lo re n o i 
(V III) i s  the  most l ik e ly  structure for  the p a re n t 
a lco h o l o f  B ther A*
As an i n i t i a l  step  in further work d ire c te d  tow ards 
th e  e lu c id a tio n  o f  the s tru c tu re  o f  Bther A i t  would seem 
e s s e n t ia l  to  e s ta b lish  with certa in ty  w hether B ther A 
undergoes ye-*arrangement w ith  noi/CliClg as f r ie d o  
d er iv a tiv e s  are known to revert to o m ixture o f  the 
o lean a-1 8 -en e  and the o leo n a-1 3 (18)-ene*
Another obvious approach Is  to In vestiga te  the 
product o f  the action  o f  3eGg.
1XU*
M g h t petroleum  r e f e r s  to  the f r a c t io n  t> *p*40-60° # 
I n f r a  red  sp e c tra  were measured or, the Uaicam SP 100} 
u l t r a  v io le t  on the H ilger-W atts .
.p jtraetion „&»& Separation o f  A* consplcua e th e r s*
l o r  t h i s  la rg e  sc a le  se p a ra tio n  and e x tra c t io n  
m entioned below we are  indebted  to  H im  I re n e  Wilson*
Hie f in e ly  ground a e r ia l  p a r ts  o f  Arundo eonsptcu© 
were e x tra c te d  w ith  re  f lu x in g  l i g h t  p e t ro l  fo r  9A hours 
in  ® S oxh let apparatus* A fte r  removal o f  t h i s  f i r s t  
p o r t io n  o f  s o lv e n t, a f u r th e r  p o r tio n  was added and the 
e x t ra c t io n  con tinued  fo r  a f a r th e r  24 hours* The two 
e x t r a c ts  were combined and th e  so lv en t removed under 
reduced p re s su re . Hals e x t r a c t  woe absorbed from l i g h t  
p e t ro l  onto  alum ina (Broclaaann, Oracle V) and the  f i r s t  
f r a c t io n s  e lu te d  w ith  l i g h t  p e tro l  r e je c te d  ®& they  
C ontained o n ly  f a t t y  m ateria l*  Subsequent f r a c t io n s  
e lu te d  w ith  l i g h t  p e tro l  gave a w hite s o l id  on removing 
th e  so lven t*  fhese  White n eed les were chromatographed 
on b a s ic  alum ina (woelm, Grade I )  and the i n i t i a l  eluant©  
(m*p* » W 0 ) re je c te d *  Several o f  the l a t e r  f r a c t io n s  
(m .p. * 220-2f0°) were combined. Whose combined 
f r a c t io n s  were r e c r y s tn l l i s e d  from e th y l a c e ta te  to
x'1‘3*
give I t h e r  A»[o(] g-90 , (C » 1.89 Irs CHCXj,) , (Rmnd 
0» 85*57, 88*6; H, 11*93, 18*35, C»nKeoO re  m i  re s  
G, 84*481 H, 3,1*89, re q u ire s  0 , 84*87$ K, 18*75).
B th er A can e x i s t  in  two fovme9 ra*p* 955-237° and 971- 
978°, which a re  id e n t ic a l  in  G,h*G. r e te n t io n  time 
(48 mine* on o*5?> A p ie  son L a t  885°) and in  th in
la y e r  value*
Alternative E x tra c tio n .
$br th is  e x tra c t io n  carried  out in  Hew Zealand 
we are Indebted to  l i a s  Peggy M&rtin-Smith. The le a v e s  
Arundo consplcua, c o l le c te d  a t  Plimmerton, North 
Is la n d , New Zealand, du ring  December, 1981, were b r ie f ly  
immersed in  co ld  chloroform* 'She chloroform ex tra c t  
again showed e th e r  absorption in  the X* R., and the G* L* 0* 
Showed that th e re  was a m a i l e r  p ro p o rtio n  o f  the e th e r s  
in  the l e a f  wax e x t ra c t  than in  the to ta l a e r i a l  p a r ts  
extract*
o f  F rac tio n  ( h u p * 015-950°)
0.L*C. o f  the f r a c t io n  (m .p. 915-950°) on an 
Apieaon L column (0*5?) on M bacel (80-100 mesh) a t  
905° showed t h a t  i t  c o n ta in e d  a h ig h  -proportion o f  
an o th er ether*  I s o l a t i o n  o f  t h i s  e th e r ,  Arondo 
consplcua e th e r  3  was acco m plished  by p re p a ra tiv e  G.L, C.
1 1 6 .
o r  a s illco c©  mm column ( I f )  on Embac©! (60-80 mesh) 
tra p p in g  in s p i r a l  traps in  an ic e  bath* The trap p ed  
m a te r ia l  was then sublimed a t  X80° / 0 .0 2  mu* to remove 
silico n e  gum ©luted from the  column, to give pur©
Bther B.
^ -sm y rin  (60 mg.) and potassium  (100 mg.) were 
S t i r r e d  in  d r y  benaene (5 m l. ) in  a c u r re n t o f  n itro g e n  
a t  room tem perature fo r  three hours* Methyl io d id e  
(1  m l#) in  benssene (2  m l.) was added every  2 hours w ith  
r e f lu x in g  fo r  IS hours* Methyl a lco h o l was added to  
decompose th e  nnrescted potassium  and w ater to  e x t r a c t  
th e  potassium  s a l t s .  The in f r a  red  spectrum, o f  the 
ch lo roform  e x t r a c t  o f  t h i s  anueous so lu tio n  showed th a t  
I t  co n ta in ed  no alcohol and th a t  there was an e th e r  
p resen t*  Sublimation o f  the chloroform  e x tra c te d  
m a te r ia l  gave a s o lid  whose 0.L.C. r e te n t io n  tim e was 
id e n t ic a l  w ith  th a t  o f  Kther B*
A ttem pted H.vdrovenation o f  E th er A (m.o* £S4~355°).
The e th e r  A. (10 m g.) was added to pre-red u eed
pla tinum  in  an e th y l a c e ta te -a ce tic  acid  m ixture
(S -  1 , 16 ml*) and allowed to absorb hydrogen* A fte r
o f/5 -am y rtn  m ethyl e th e r
e ig h t  h o u rs , the platinum was f i l te r e d  o ff  and the 
so lu tion  taken to dryness under reduced pressure*
The in fra  red  spectrum of the re su ltin g  m a te r ia l showed 
10 s ig n i f ic a n t  difference from the s ta r t in g  m a te ria l*
jjjiyatment .of Bther A with Concentrated .Sulphuric A cid* 
The B ther A (10 m g.), d isso lv ed  in  chloroform  
(so m l.), was wasted with concentrated sulphuric acid
( 2 x 5  ml*)* The sulphuric acid layer was added to 
w ater (100 ml#) and alm ost n eu tra lised  w ith potassium  
hydroxide, then ex tracted  with d iethy l e th e r .  The 
in f r a  red spectrum o f the so lid  remaining a f t e r  th e  
s o lu t io n  had “been d rie d  with magnesium su lp h a te  and 
the so lv e n t removed under reduced p re s s u re , showed the  
p resence  o f  a c id  and also of an enore (1710 cmf-M.
treatm ent o f  Bther A with Acid*
To B ther A (10 mg#) dissolved in  chloroform  was 
added co n c en tra ted  hyd ro ch lo ric  a c id  (3 drops)# A fte r  
standing fo r  h a l f  an hour, the  s o lu t io n  was washed w ith  
water to  remove the  acid and then  d r ie d  with magnesium 
sulphate* The in fra  rad  spectrum  o f  the m aterial 
recovered  from the chloroform  solution showed no 
s ig n if ic a n t d ifference in  absorption*
11 3 .
P re p a ra tio n  o f  Taraxerol Methyl it,tier.
Potassium  (50 mg#) and ta ra x e ro l (27 mg#) ware 
s t i r r e d  321 d ry  bensore (n ml#) in  a c u r re n t o f  nitrogen  
a t  room tem peratu re fo r  th ree  hours# Methyl iodide  
(1 ml*) in- benzene (2 ,5  ml*) was added and the mixture 
r®fluxed fo r  th re e  hours* A fte r  working up th is  
reaction  m ixture* i t  was found th a t  o n ly  a sm all 
proportion o f  the alcoho l had been converted to  the 
ether* The reaction  product was th e re fo re  re fluxed  
for  tw elve hours in  dry  hen so no w ith  potassium  (25 mg*) 
and fresh  p o r tio n s  o f  methyl iod ide  every  two hours*
Methyl a lcoh ol was added to  decompose the  unreacted  
potassium and water to  e x t r a c t  the  potassium  ©alts*
Benzene e x tra c t io n  o f  th is  aqueous m ix ture gave m aterial 
Whose I ,  ft* showed no hydro xyl ah so rp tion#  This m aterial 
was chrom atographed on alumina (Grade v) and the l ig h t  
p etro l eluat© sublimed# As the  temperature was ra ised  
in  sublim ation# a liq u id  f r a c t io n  (125-150°/0#02 to # )  
was removed* On re -su b lim a tio n  o f  the  residue# a 
s o l id  was o b ta in e d  (180-19C°/0*02 mm*) whose m*p. range 
MtO^ flTU0 was wide d e sp ite  th e  fa c t  that 0#L«0, a n a ly sis  
showed that t h i s  f r a c t io n  was alm ost pure*
TABL:*) I .
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Scheme I ,  J ^ t a n a t *
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?lg*2 s th e  above s tru c tu re s  a rc  regarde=" as  th e  b as ic  
hydT w ^ fporw cand the  d e r iv a tiv e s  of'*than fo rced  by 
migramBB rroups a re  named
Where th e  m ethyl group on C-n;. m igrates to  C1? th e  
d e r iv a t iv e  ic  a  i - f r lo d o  compounds whore tho~methyl 
group on r^gp.tesrpfco C*.  ^ ant* the m ethyl group on • •3 
m ig ra tes to  d e r iv a tiv e  i s  a PsCUfriodo compound:
wherer m ig ra tio n  o f  the  methyl groups on C3 L. and O3  i s  
follow ed by m ig ra tio n  of the methyl group 'oa  0 ^ 3  "to 
th e  d e r iv a t iv e  i s  nasod as a .n :-.fi*iec!o compound 5 am  
v&mw m iga tion  o f the  methyl groups on 05lff Ca, and C10 ij3 
follow ed by th e  m igation o f th e  ascial group on Cp to  Crj 
th e  d e r iv a tiv e  i s  named as  a l>tiWfrlado compound#
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In  the  course o f  an ex ten siv e  study  o f  the  l e a f  
waxes o f  p la n ts  o f  the subfam ily  Semperv1vo 1 deae 
(C rassu lace ae )1 * i t  was observed th a t  0 gummy exudate 
co a ted  th e  le av es  o f  Aeonlum Ifn&le.vl, (W* and B*) ,  and 
to  e  l e s s e r  e x te n t some o th e rs  in  the 000chin  group, 
and th a t  e x tra c t io n  o f  t h i s  gummy exudate r e s u l te d  
in  a  much h ig h er p ro p o rtio n  o f  chloroform  so lu b le  
m a te r ia l  than the m a jo rity  o f  Aeonium sp e c ie s  examined# 
T his gum, o b ta in ed  by washing the le av es  w ith  e th a n o l, 
was d isso lv e d  in  e th e r  and se p a ra ted  in to  a c id ic  and 
n e u tra l  f r a c t io n s  by e x tra c tio n  w ith  sodium hydroxide 
so lu tio n #  The n e u tra l p o rtio n  on chromatography 
a ffo rd e d  a  compound m*p# 83-84° fo r  which a n a ly t ic a l  
f ig u re s  and m olecular w eight d e te rm in a tio n s in d ic a te d  
a form ula The in f r a  red  spectrum  showed
%Q 0 8  ii
o n ly  the  p resence o f  hydroxyl groups prim ary and 
t e r t i a r y  $634, 3604 and 1030 cmT1 and a gem dim ethyl 
(1380, 1370 cm# )# The n u c lea r m agnetic resonance 
spectrum  in d ic a te d  th a t  i t  was 0 x ^ rIm ary -te rtla ry  d io l
(Y m 6.3$ t r i p l e t ) ( f o r  tliio  iM b run t  ion we a re  o b lig e d  
to  Dr# A* Mel e r a ) 9 and th i s  was confirm ed by the f a c t  
th a t  l in d lc y o l  gave on ly  a 'mono-acetate on m ild  a c e ty l -  
a tlon*  Iftwa th ese  f a c ts  i t  follow ed th a t  l in d le y o l 
was b iey e llG  and probably  a diterpen©  -  the  f i r s t  f u l l y  
s a tu ra te d 'd i te rp e n e  found#' rf'he n o n -c ry s ta l l in e  
l in d le y o l  m ono-acetate on dehydration  w ith  phosphoryl 
c h lo r id e  in  p y rid in e  gave a homogeneous product* the  
in f r a  red  spectrum  o f  which in d ic a te d  the presence o f  
a v in y lid en e  group (bands a t  890 emT2, and 1645 craT1 )* 
f h i s  compound was c h a ra c te r is e d  by conversion  w ith  
osmium te tro x id e  in  p y rid in e  in to  a t r i o l  which proved 
id e n t ic a l  in  m e ltin g  p o in t and ro ta t io n  w ith  th a t  
O btained  from methyl la b d a n o la te 0’ s w ith  the  r e s u l t  
th a t  th e  c o r r e c t  name t o r llndX eyol i s  la b d a n e - 8 B - d ir iL  •
though l in d le y o l (XV) (scheme I )  appears to  be
5#th e  f i r s t  s a tu ra te d  d io l Isolated* ee l a r e d  * C II) and 
to r a lo s o l^ * (n x )»  d lo ls  o f  increasing u n s a tu ra t io n ,a re  
taown* B logenoticalX y (Fig* &)* labdano lie® #(2)* 
d a n le l l l c 5* (IX ), ep cru ic^* (V II)» and c n ta v lc ^ (V I l I )
a c id s  must be re la ted  to eontwanic nctds# (V ), though 
why o x id a tio n  should tahe place a t  so many v ary ing  
cen tres i s  no t Icnowru
I t  seems x-JOssihl© th a t  among the many comixntnds 
with, the  Xah&ane sk e le to n  in Spanish gum Xabdarum th e re  
w i l l  be labdane-8  o( ,15-& iol s ince  the onsyme system 
re o u lre a  fo r  i t s  form ation should d i f f e r  on ly  a t  th e  
l a s t  s te p  from th a t  o f  lab d n n o lic  acid* I t  seems l i k e l y  
from t h e i r  gummy appearance th a t  the le a v e s  o f  Aeonlum 
m ath u la tu m  and Aeonlum goocMoe a lso  co n ta in  lahdane-8  
(V#X 5 -d io l#
-1The region* 5000-8700 cm# , where most hydroxyl 
stretching frequencies occur* i s  now amenable to p re c is e  
s tu d y  u s in g  com e re  l o l l y  a v a ila b le , high re s o lu t io n ,
Q
g ra tin g  in f r a  red  spectrom eters* * Measurements are 
co n v en ien tly  c a r r ie d  ou t a t  h igh  d i lu t io n  (0*01 -  0*001 M) 
in  lo n g -p a th  le n g th  c e l l s  (0*5 -  5 cm*)# I t  i s  frequently 
assumed th a t  in te m o le c u la r  hydrogen bonding i s  absen t 
a t  such low co n c e n tra tio n s  except in  special ca ses  such 
a s  th e  esrbossyXic a e i d s ^ # where r a th e r  s ta b le  dim eric 
species are known. In  th i s  and o th e r  work, however, 
several ty p es  o f  compounds have been encountered  Where 
iB tsM D oX scular a s s o c ia tio n , presum ably d im eric , i s  
u n u su a lly  p e r s i s t e n t .
We have examined sev e ra l compounds o f  lab&ane type 
and i t  i s  c le a r  from our measure ments (Table 2 and Figure 1)
t h a t  in tra m o le c u la r  hydrogen bonding in vo lv ing  "c lo su re*  
o f  a ten-mesnbererl r in g  does occur to  © d e te c ta b le  e x te n t 
in  v ery  d i lu te  so lu tio n s  in  carbon te tra c h lo r id e #  Such 
a s t r u c tu re  1© s t e r i c a l l y  unexcep tional and models 
in d ic a te  many p o ss ib le  favourab le conform ations o f  such 
a  w3?ing* in v o lv in g  minimal bond o p p o sitio n s  and t r a n s -  
a n n u la r  in te r a c t io n s ;  one o f  th e se  (XX, Fig#2) i s  shown 
f o r  m ethyl lab  dam  la te*
S im ila r  measurements show the presence o f  an analogous 
in tra u so le c u la r ly  hydrogen bonded s tru c tu re  in  the so lu tio n  
Of labdane-8  ,1 5 -d io l mono a c e ta te  (XV)* The hydroxyl 
ab so rp tio n  p a t te rn  fo r  each compound i s  co n c en tra tio n  
independent up to  the h ig h e s t co n c en tra tio n  te s te d  (0.01M ).
I t  does n o t seem fe a s ib le  to assirr* the ab so rp tio n  n ea r 
3550 cmT  ^ unambiguously e i th e r  to -Oil*•«* *0»G-0 o r  to 
OH#*. . The carbonyl ab so rp tio n  band i s  a 
l l t t l ©  w ider than normal (c#f* 1abd.-8 (8 0 )en~l5«o1 a c e ta te  
(Wn  Table I )  and m ethyl s te a r a te  VmE2C(0Ca4 ) 1743 cmT1 ,
A y  f  , 16 cmT1 ; 500), presumably as a r e s u l t  o f
i
t h i s  p a r t i a l  bonding* There i s  evidence in  the  in co m p le te ly  
re so lv e d  ab so rp tio n  n ear 8610 cmT  ^ fo r  more than  one 
conform ation o f  the  non~bon&ed hydroxyl grouping 
( c .f#  t - b u ta n o l , (CC14 ) 3617 cmT1 , A  V |  17, 60).
F ig s . 5 and 4 show the sane conform ation o f
lab&ane-8 oYf15-& iol drawn from shadows c a s t  by a
D re ld lin g  model w ith a p in -h o le  source o f  lig h t#
Labdane-8 o( ,1 5 -d io l (IV) i s  an in te r e s t in g  case*
Hven a t  th e  r e la t iv e ly  low co n cen tra tio n  o f  0*0078 M*
th e re  i s  a prom inent, co n cen tra tio n -d ep en d en t, b road
ab so rp tio n  band a t  3370 cm***, which, in  view o f  o th e r
© tud ias, could  he asc rib ed  'to (OH) o f  a fu lly -bonded
dim eric  sp e c ie s  invo lv ing  on S-memberod r in g  o f  fo u r
hydrogen bonds ae d ep ic ted  in  (XIX)* P ro g ress iv e
d i lu t io n  to  0.00078 M* re v e a ls  a second hand a t  
—15515 cm# Which alm ost c e r ta in ly  re p re se n ts  an i n t r a -  
hy&roger bonded -OH.. . *0H monomeric s tru c tu re *  The 
b u lk  o f  the a t ta c h e d 'a l ic y c l ic  r in g  system undoubtedly  
f a c i l i t a t e s  bo th  the i n t e r -  and in tran rao lecu la r hydrogen 
bonding by r e s t r i c t i n g  the number o f  a v a ila b le  conform­
a t io n s ;  th u s  hep tane-1 , 7 -d io l shows no ab so rp tio n  band 
in  t h i s  reg io n  o th e r  than th a t  due to  f re e  hydroxyls*
The asymmetry o f  such f re e  hydroxyl bands has been
i pd isc u sse d  in  conform ational term s by Old and Iwamura; '• 
The above r e s u l t s  emphasise the im portance o f  
c a rry in g  o u t such hydrogen-bording s tu d ie s  under 
p r e c is e ly  c o n tro l le d  and c a l ib r a te d  co n d itio n s  w ith  a
range o f  d ilu tio n s  i f  m isleading conclusions e re  to "be
avoided# Methyl Isb & aro la te  i s  a case in  p o in t5
Bigley# Ho g ars  end B arltro p ^ 0* hove rep o rte d  th a t
t h i s  compound does no t shear in tram o lecu la r  hydrogen
la n d in g  in  carbon d isu lp h id e  so lu tion#  and they  therefor®
a llo c a te  a co n fig u ra tio n  a t  in  m ethyl lab&anolate
on th e  b a s i s  th a t  the m olecular r o ta t io n  d if fe re n c e
method w il l  be v a l id  in  the absence o f  such bonding*
■In view, o f  th e  r e s u l t s  in  th i s  work th i s  assignment#
and those made for r e la te d  rontpounds such as methyl
ftperaa te  and methyl e s t iv a te ,  are  again  open to nuestion# 
14-Meafclim has shown; th a t  the -OH s tr e tc h in g
absorption o f  monohydric a lco h o ls  can vary from
shoulders on the  side  o f  the main peak -  propan-S-ol,
SS86 cm?1 , A y ?  17, anti £ = SOj 3611 era!1 , A / f  14, 
a  e
£ m $; to  two d i s t in c t  peaks in  5 <r-eholestan-S^ - o l
8689 cnuX, A y f  20, £  = S83 3611 crC1 , A y *  18, £ = 26.
1? ‘If
He su ggests th a t  these  fa c ts  are  b e s t  explained by  
"conformational h e te ro g e n e ity ”*
Bo ta t  ions r e f e r  to so lu tio n s  in  chloroform  a t  room 
tem perature* Hf*p#s were dot©m in e d  on a K ofler block  
and are uncorrected.* The alum iro used fo r  chroma to -
grsphy had a c t iv i ty  H i  (Broefonon). L ig h t petroleum  
r e f e r s  to  the  f r a c t io n  w ith b*p* 40-60°* In fra  red  
sp e c tra  were measured on the In fra c o rd  PE 137 fo r  th in  
f i lm s  and on the Unlearn S3? 130 fo r  so lu t io n s  and KOI 
d is c s .
I s o la t io n .o f  labdane-8  0 ^ 1 5 -d lo l.
The f le s h y  le a v es  o f  Aeonium l in d le y l  (10 kg*) 
n e re  t r e a te d  w ith  e thano l (5 1*) fo r  se v e ra l days w ith  
O ccasional shaking* A fte r  f i l t r a t io n #  evapo ra tion  
a f fo rd e d  a brown gum (10*4 g*) which was taken up in  
e th e r  and washed w ith TT sodium hydro wide so lu tio n  
(3 x 50 ml*) and w ater (3 x 50 ml*)* The e th e r  
Solution  was d r ie d  and evaporated  and th e  re s id u a l gum 
(8*7 g») was absorbed from l ig h t  petroleum  onto alumina 
($00 g#)* E lu tio n  w ith ©thor-m ethano 1 (3 t 2# 500 ml*) 
a ffo rd e d  a p a le  yellow  gum (7*8 g*) which p a r t i a l l y  
s o l id if ie d #  This s o lid  from l ig h t  petroleum  gave 
I®Ma*se-8 #15-dlol (5*6 g*) as la rg e  c o lo u r le s s  prisms* 
Pumping a t  reduced p ressu re  fo r  24 lire* gave c r y s ta l s  
( f r e e  o f  so lv e n t)  m.p* 83-84# M  D * ~10°(C, 1 .7)«
(ibund  C# 77.0# H# 12*19* C alcu la ted  fo r  C ^ g g O g ,
00 7 7 .8 5 , H# 12.35?)* W oloeuler w eight by  mass 
sp ec tro sco p y  3X0, c a lc u la te d  fo r  « 310.
The fo llow ing  are  the m ajor peeks in  the  mass 
Spectrum**
310 ( s )
298 (m) P aren t m m U
292 ( s ) P aren t is
m*r (a) P aren t m m 33
289 (m) P aren t m m 71
288 (m) P aren t mm 72
198 (m> P aren t m m 118
191 (m) P aren t 119
177 (m) P aren t 133
187 (m) P aren t 158
187 (m) p a ren t m 173
The m o lecu lar w eight 510 to g e th e r  w ith  th e  OH 
a n a ly s is  suggest « * t  (W % ° s  i s  the form ula fo r  
lin & le y o l. From, the  breakdown p a tte rn #  i t  can he 
Seen th a t  one m ethyl and one OH are e a s i ly  removed -  
probably th e te r t ia r y  m ethyl.
The n u c le a r  m agnetic resonance spectrum  d isc lo se d  
the presence o f  f iv e  methyl groups (8*84 fbr 1 R C(Ci%)cS!, 
and 9 .0 5 , 9*12 and 9 .2 ) ,  s ix te e n  s k e le ta l  hydrogens
(p r in c ip a l  peaks a t  3*37, 8 .3 3 , 3.48* 8*65), two 
hydroxyl p ro to re  (?.D4) and the  two <* hydrogens o f  
the grouping HDHo0Ho0H (6.21* 6 .52 and 6 .4 2 ) .
S ig n if ic a n t  X*k# ah so rp tio n  hands a t  3450, I860 ,
«/
1376 and 1030 cm# (KOI d isc )  which were id e n t ic a l  w ith  
those  o f  an a u th e n tic  sample o f  labdone-8 o<" ,1 5 -a io l .  
th e  tJ.T* spectrum  o f  lab&ane-S ,1 5 -d io l in  hexane 
showed no end absorption* Hydrogenation o f  lrfbdnne*
0 ^ ,1 5 -d io l  in  e th y l a c e ta te  over Pd-10^ showed no 
absorp tion*
$as l iq u id  Chroma to  gr apliy o f  lahdane-8  *< ,1 5 -d io l 
on an M bacel (80-100 mesh) column coa ted  w ith  l¥>
S ilic o n e  E lastom er 30 a t  380^, flow  r a te  30 ml*/min* 
gave s s in g le  b road  peak r^  » 12 m ins. 0*L.0* 
exam ination  o f  the  re  s i  dual o i l  from which labdane- 
8 ^ ,1 5 - d io l  c r y s ta l l i s e d ,  whose X*lu was very  s im ila r  
to  th a t  o f  th e  8 ^ ,1 5 - d io l ,  showed a sm all peak r^  «
10 m ins, a s  w ell as the m ajor peak clue to  the  8 o< ,1 5 -d io l .  
The la rg e  prism a o f  the d i d  tu n ; to  a  f in e  powder on 
s ta n d in g  fo r  se v e ra l days and in  o rd e r to  o b ta in  an 
a n a ly t ic a l  sample i t  i s  necessary  to pump them fo r  
24 hr®, a t  25°C. I t  would seem th a t  the la rg e  c r y s ta l  
I s  due to  a c la th r a te  compound fom ed  w ith  one o f  the  
so lv e n t m olecules (1 . p e t ro l)  s in ce  heptane and o th e r
130
so lv e n ts  are  r o t  s u i ta b le  fo r  ree r jrs ta lli& a tio n s*
From the  above e x tra c tio n  .procedure i t  can he seen 
th a t  the  d lo l  i s  p re se n t to  the e x te n t o f  approxim ately  
Q*Q0) b ased  on the  weight o f  green p lan t*  I t  i s  
however p re se n t to  the ex ten t o f  50~6C$ o f  the  
a lco h o l e x t r a c t .
A lte rn a tiv e  methods o f  e x tra c t io n .
(1 ) The green le av es  (50 gm*, 5 gm, When d ry ) were 
e x tra c te d  w ith chloroform  (5 x 50 ml*) to  g ive a gum 
(0*9 g*) i*e* 18$ o f  dry w eight i s  due to  the  gum*
E th e r , chloroform  and e thano l a l l  serve as a so lv e n t 
to  e x t r a c t  the  d i d  h u t e thano l i s  p re fe r re d  as I t  
removes l e s s  o f  the wax l e a f  coating*
(2)  F leshy  le a v e s  ( 7 * 5kg*) c o l le c te d  a t  B a j a r a a r ,
T en e rife  In  llovemher, I960, were steep ed  In  h a tch es  
f o r  4 mlns* in  e thano l (4 1 * ), then washed w ith  a 
f u r th e r  p o r tio n  o f  e thano l (8  1*)* th e  e th an o l 
e x t r a c t s  were f i l t e r e d  and evaporated  to  800 ml* under 
p a r t i a l  vacuum and the sm all d ep o s it o f  waxes removed*
The e x t r a c ts  were taken up in  e th e r  and washed wi th
N sodium hydroxide (5 x 100 ml*) and w ater (5 x 100 m l* ), 
and the  e th e r  evaporated  o f f  to give a gun (16 g*)
(8*8$ o f  green weight)*
Labdane~8 o( *IB -d lo l m oro^eetate f s r k
 ■liWUMi  I '- n ln ^ u n n n    watti «mngWTM>winwK»j>>..»i«i»t«i> Ii '<www»iw«ww?>w^.'-' ■Wiiffrrn ,i«g« * •* »
Labdane-B ex *15«-diol (500 mg*) in  py rid ine (70 m l*) 
was allow ed to stand  for 24 lira , a t  20° w ith a c e t ic  
anhydride (1*5 m l*). The m ixture was poured in to  
w ate r and e x tra c te d  w ith  e th e r  to  give an o i l  (48a m g.) 
which was absorbed from bensene on s i l i c a  gel (15 g*), 
Labdane-*8 <x ,1 5 -d io l^ l5  mono a c e ta te  (378 mg*) was 
e lu te d  from s i l i c a  in  bensene~ether ( i ; i )  as  a gum 
[<xjn  -4 .1 ° (C , 1 .03) ( l i t .  tX J D -5 .7 °  (C, 0 ,9 8 ) .
A d i lu te  so lu tio n  In  carbon te tr a c h lo r id e  shows in f r a  
re d  ab so rp tio n  bands a t  5605 * 5865 ? 1745 and 1238 cm7^ ? 
th e  r e la t iv e  p ro p o rtio n  o f  the  f i r s t  two I s  unchanged 
on f u r th e r  d i lu t io n  suggesting  o n ly  in tra -m o lec iila r  
hydrogen bonding (see- fab le  2 and t o t ) #
habd~S(2P)en<»i5««Ql a c e ta te  (X71)*
I*abd&n@~8 <x f15~&iol m onoacetate (0*5B g*) in  d ry  
p y r id in e  (20 ml*) was t r e a te d  w ith  phosphoryl o x y eh lo rld e  
(0*9 g*}. A fte r 45 min* a t  r e f lu x  tem perature i t  was 
coo led  to  0 °  and added drop wise w ith  s t i r r i n g  to  a 
m ix tu re  o f  ic e  and w ater (100 m l*). B ther e x tra c t io n  
a ffo rd e d  a, product which was absorbed from l i g h t  
petro leum  on alumina (SO g. )• E lu tio n  w ith  benoere 
a ffo rd e d  1 abd-»8(20 )en«l5-o l  a c e ta te  (0 .44  g . ) as
a c o lo u r le s s  syrup [«],-, + 44° ( c ,  0 .9 8 ) . (Sound t
H# 11*45^)# In f r a  red ab so rp tion  bands a t  3090# 
1788, 1648, 1340 and 890 on!1
Lab&an~15«»ol -*15 ..acetate CiCVXXffi ■
Lab&~8(30)en-15 g1-*X8 acetate was hydrogenated 
in  e th y l a c e ta te  over 10^ palladium  on charcoal#
A fte r  f i l t e r i n g  o f f  the c a ta ly s t#  removing th e  so lv e n t, 
the saturated a c e ta te  was o b ta in ed  as a c o lo u r le s s  
syrup [oOd + 38°(C» 0 .8 4 ) . (5bund s 0 , 78 .57 ,
H, 1 1 .4 8 , c a lc u la te d  ftor c2SH4o°Q5 °* 78*61,
H, 11.98;?. )
This compound# o b ta in ed  by a lk a lin e  h y d ro ly s is  
o f  the  corresponding, ace ta te#  was n c o lo u rle s s  syrup 
[XI p ♦ 40°(0# 1#!}* In f r a  red  ab so rp tio n  bands a t
l»aa>d(ftne*>8 o( » 15 % SO-, t r i o l  ( XVTI) #
The above lsb& -8(S0)-en-15-acet3te (0*9 g . } in  
pyrldlne-chloroftorm (1*1) (80 m l,} was t r e a te d  w ith  
osmium te tro x ld e  (l^Og*) and k ep t ° t  80° fo r  s ix  days* 
Removal o f  the  so lv e n ts  under reduced p ressu re  gave a
0 , 78*63# H# 11*59* re  cut r e s  0 , 78*98
ig -o K & q Q ,
3680# 3090# 1645 and 890 enC1 . L it*  C°0j> ♦ 40°(C f 0.98),
b la c k  re s id u e  which woo hen te d  under r e f lu x  fo r  5 h r s .  
w ith  benaene (20 ml*)# methanol (BO m l .) ,  potassium  
hydroxide (4  g .)  m d  m annitol (4 g*) in  e th an o l 
(20 ml*) and w ater (10 ml*}* A f t e r  d ilu t io n  w ith  
w a te r , the ether e x tra c t  was washed w ith d i lu te  
h y d ro ch lo ric  a c id , sodium b ic arb o n a te  so lu tio n  and 
water* E vaporation gave a gum (0*757 g*) which on 
chrom atography on alumina gave labdane-8  A ,1 5 ,2 0 - t r io l  
(0*12 g*) m .p. 126-1 ST? (A fte r  fo u r r e c r y s t a l l i s ­
a t io n s  from l i g h t  petroleum  b e n sc n e .) R i p  <•* 21°
(0# 0*86) 126-127°. (l?bund 0 , 75*41, H, 11*5*3,
c a lc u la te d  fo r  § m n ^ 0 $$ 0 , 75*55, H, 11*75^
l i t .  v a lu es  (H a lsa il)  fo r  th i s  compound ares 
m.p. 134-136.5°} 0x1 B -17° (C» 1.01).
S t r e t c h i n g  A b s o r p t i o n s  o f
C a r b o n V i  g r o u p i n g s .
» 1 A)
Molarity c e l l  v(C»0) Av? £
a a
-sa*. _ s a lz  -c a r1- ____
Methyl XaBdanolate 
0.00162 0*6 1741 IS 480
L a b a - 8 (  2 0 )  ~ e  n - 1 5 - o l - l  5-ac© t a  t ©  ( M )
0*0026 0.8 1742 17 470
j*8bdaxi-16-ol-16-acet&te (XV!)
0*00164 0*8 1745 15 690
"Frequency" values are accurate to i  1 em** for 
sharply defined peaks* £ a values are quoted to 
the nearest 8 units*
S t r e t c h i n g  A b s o r p t i o n s  o f
H y d r o x y l  G r o u p  la r r a *
(CC1A)












j  36 30 ♦ f r e e 1
3050 47 15 1 lntra%0H*. .0
I^dex)#w8.o(t15«>diol monoacetate* (JOT)
* 0*0023 2 5612 j&*
6605
 ^ 30 20 9 f r e e 9
3563 56 10 H n  trs?»0H*.*G
( w )
0 ,0 0 0 7 5  i 3636 
3607 8h.
j 48 65 •free*
6515 90 15 ’ lntra%0H**.OH
0,0078 0*5 3657 
3605 A *
j „ 50 9 f r e e 9
6500 Sji. 30 ’ intraV )H *. *0H
5570 270 42 * intex*, OH*. • OH
H eptane-1 t 7 « a io l 
S a tu ra te d  
S o lu tio n  5 3637* 25 m 9 f r e e 9
fhe hydroxyl ab so rp tio n s fo r  n e th y l X aM am loto  and 
labdane& lol m onoacetate -sere co n c en tre t ion independent
tip to  0*01 M* "SPreauency* v a lu es are  accu ra te  to  £1 emt
fo r  sh a rp ly  d efin ed  peaks* £ n v a lu es are emoted to  the 
n e a re s t  5 u n its*
-1
These eorroourds n real: ( f  „ 5) co n c e n tra tio n
independent hand a t  c a *3460 rh iefi i s  a sc rib ed  to  
th e  (0=0) f i r s t  overtone* * Prs.v.no '-O:" ic a l  brr.d.
oron r  t^ i^ a p a lo r  1A Ar • ..pi/ i t  io n  
H in  tfteta*)« (C) ‘ l#M&n
;;'/dro:ty l ab so m
(A) m ethyl modsSsojfcfaie x  ^
mono* [/■ A , • '  ■ ., * 3 ’te-SSe^)* on*
.' -  >■!. ■ A L ■: v • ; -•: 'AaZ 7 3 ^ ) ■
•;;:O^ A * AA> •■ A-': .••« ;. O-’Ap % _■/» /  ; : - *_Aft&rtafXG—.5 L ^:r3T U V j '* - / o - X:.i p j  *- 0I ;. *• • *
\■ y* * o ■ p p  ;A ih  A er>u1 j i /feptono-
0 ■'MtWc* ( '■ ) 5.1*3 a S
Of 
>•"■ 3 ) 1 A*“
d io l  ( s a tu ra te d  s o lu tio n  in  5 e a .)*  Cunra ( 4 I s  a so lv e n t
baclctrouna ( 2 cm* c e l l s ) .
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F ig . 3 One conform ation of labdane-3c< ,l5-d io l
d r a w  from the  shadow c a s t  by a Dried l in g  
model w ith  a p inho le  source of l ig h t#
g# h Same conform ation o f labdane~8c\, 1 5~d i o l  as 
i n  Fig* 3 but d ra m  from the shadow c a s t  by 
th e  source o f l i g h t  in  a d if f e r e n t  p o s i t io n
r e la t iv e  to the model.
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$h© e f f e c t s  o f  ethy lene on h ig h e r p lan ts#  ®#g* 
i t s  in flu en c e  on r a te  o f  r ip en in g  o f  f r u i t s  and 
vegetab les*  i t s  e f f e c t  on ra te  o f  growth o f  l e a f  
su rfa c e s  (© pinaster), have been w ell s tu d ied .*  The 
effec t©  o f  v o la t i le  m e tab o lite s  from fungi on m ic ro b ia l 
l i f e  and on h ig h er p la n ts  have been much le s s  in v e s t­
iga ted#  Fungal m e tab o lite s  can have th re e  e f f e c t s s -
(a )  th ey  can in flu en ce  the growth o f  th e  fungus 
from Which they  emanated o r  the germ ination  
o f  the  spo res o f  th a t  fungus# e*g* the  unknown
o
s e l f  in h ib i to r  in  gerrnina.t1.ori o f  r u s t  u re d o sp o re s^  
th e  s e l f  in h ib i to r  o f  u re  do spores o f  F ace lifts  
M m nlnls eldimed to be tr ln e th y le th y len e® * ;
(b )  th e  v o la t i l e  from one fungus can a f f e c t  th© growth 
o f  another# e#g*
( I )  th e  unknown gas from T.fucor splnosua s tim u la te s  
growth o f  Fhvto-phthora o itro p h th o ra4 * #
(II) the v o la t i l e  from "?ucor p.lunbeus which 
s tim u la te s  asesuol rep roduction  in  F llo b o lu s  
k l e l n i i  i s  claim ed to be ammonia^*;
(c) the volatile8 from fungi cor affect the growth 
of green plants# e.g. Dr, Hutchinson of the 
Botany Department of this University has shown 
th e  effects o f  volatiles from many different 
fungi on higher plants (using fern prothalli 
m  test organism) (fig.l).
Hutchinson and file Teague hod grown Agaricus cnnioestrts
in the bottom plate of a Petri dish# with 4^ caraoestris
spores in the top plate and# by placing a cellophane
membrane between top and bottom plates# had shown that
the compounds# which stimulated spore germ ination# given
Off by 4a> eampestrie were volatile* By passing air over
a culture of it* cantpestria and collecting the effluent
material at -60° they had trapped the volatile metabolite
7.and shown that, it was 294-dim©thylpcnt*-l~en©#
When Dr* Hutchinson invited us to collaborate w ith  
him in these studies# it was decided to carry o u t a 
number o f  preliminary experiments w ith 4 ^ .c.a^ ms.trls 
a© test organism to ensure that our a n a ly t ic a l  tool 
( t ,L * 0 , ) was sufficiently sensitive, A#ii em m im tvle  was 
grown in a Petri dish# as above, with the spores replaced 
by  a c u l tu re  of fern pro that! i in the upper plate. After 
ten to fifteen days incubation# samples of the air from
th e  P e t r i  d ish  wore In je c te d  in to  a Cf.L, 0* columr h u t 
no components, other than motor va  x>ur, could  he 
detected*  L a te r , when A* cn n o o s ir ls  was rep laced  
o th e r  fung i ( fa b le  I ) ,  bo components could  he d e te c te d  
b y  th is , d i r e c t  a i r  sampling* A trapping system was 
a lso  used  s im ila r  to th a t  in  H utchinson, Ic feag u e  and 
Reed1 B o r ig in a l  work h u t w ith the phosphorus pentoxide 
d ry in g  tu b es rep laced  hy m ild er doss ice  t in g  ag en ts  
( f ig *  0)* An attem pt was made to  I s o la te  the v o la t i l e  
from eam pestris  h u t d«b* C. a n a ly s is  o f  the  trapped  
m a te r ia l  gave inconclusive re su lts*
These p re lim in a ry  experim ents amply demonstrated 
th e  d i f f i c u l t i e s  o f  those analyses* In  p a rticu la r , 
i t  seemed l i k e ly  th a t  we would have d i f f i c u l t i e s  due t o : -  
( a )  the very low co n cen tra tio n  o f  v o !a t l i e s 5 
(h ) the very high co n cen tra tio n  o f  o th e r  components, 
e*g# w ater vapour and carbon d iox ide c o n cen tra tio n s  
Which a re  c e r ta in  to he in c reased  by the p ro cesses  
o f  r e s p ir a t io n  and evaporation*
The Id e a l form o f  a n a ly s is  o f  the v o la t i l e  fungal 
m etab o lites would be to make n complete a n a ly s is  o f  a l l  
the p o s s ib le  c o n s ti tu e n ts  o f  the c u l tu re  gas*
However, such a complete a n a ly s is  was beyond our 
c a p a b i l i t i e s  w ith  C*L*0* and i t  was decided to  co n c en tra te
on v o la t ix e s , whose b o ilin g  p o in t range was 0 - 80°, 
which might have an e f f e c t  on p r o th a l l i a l  growth. To 
confirm  th a t  such compounds might have an e f f e c t ,  a p re ­
lim in a ry  experiment was c a rr ie d  out* The hydrocarbons, 
V -m ethylpent-l-ene , *+-methylpent-2 -ene, 2, 2-d im ethyl -  
bu tane and 2, b-, V -tr  im e th y l p en t-2 -ene were in v e s tig a te d  
by p la c in g  vapour samples o f them in  b o t t le s  co n ta in in g  
p ro th a l l i#  The choice o f hydrocarbons was determ ined 
by th e  d e s ire  to  consider the e f f e c t  o f a sa tu ra te d  
and u n sa tu ra ted s  w ith  a mono-, d i - ,  and t r i s u b s t i tu t e d  
double bond# A fter te n  to  f i f t e e n  days Incubation  
i t  was noted th a t  2 ,2 -d im ethy lbu tane, 2 ,^ ,V -trim e th y l-  
p en t-2 -en e  showed a s ig n if ic a n t  in h ib i to ry  e f f e c t  on 
p r o th a l l i a l  growth and Wm eth y l p e n t-2 -ene an alm ost 
s ig n i f ic a n t  effec t#  The r e s u l t s  o f t h i s  small 
experim ent can only be taken as a p o in te r  to  th e  course 
t h a t  fu tu re  work might tak e ; they  could not be tak en  
as  co n c lu siv e  proof o f the  presence o f th ese  hydro­
carbons among the  fungal v o la tile s#
DISCUSSION,
As mentioned e a r l i e r ,  th e re  i s  an in c re ase  in  th e  
w ater and carbon dioxide le v e l  o f the  a i r  in  which 
fu n g i or fe rn  p r o th a l l i  grow* I t  was r e a l is e d  th a t
os th e  p r o th a l l i  wore pfcotosynthotic the in c rease  In 
carbon d ioxide le v e l might be i t s e l f  the cause o f  the 
s tim u la to ry  e f f e c t s  noted above* The experim ents 
re q u ire d  to  confirm  th is  th eo ry  are v ery  te d io u s , 
however, and i t  was th e re fo re  decided to  in v e s t ig a te  
any o th e r  v o la t i l e  m etabolite*  The fungus 
Schlgos.acehegomyce s  oetoeuorus was chosen as a s u i ta b le  
t e s t  organism  since i t  had an in h ib i to ry  e f f e c t  on 
p r o th a l l i a l  growth Which i s  more d i f f i c u l t  to  ex p la in  
In  the  carbon d ioxide scheme. S te r i le  a i r  was blown 
o v er a c u ltu re  of Cehiao. oe to * and the v o la tile©  
c o l le c te d  in  a tra p  a t  ~S0U ( f ig * ? ) .  Samples o f  the 
trap p ed  m a te r ia l were analysed by C.L.C. and the 
p resence  o f  e thano l c o n s is te n tly  d e tec ted  amongst a 
number o f  o th e r  components which v a rie d  from sample 
to  sample* This was a very  in te r e s t in g  f in d in g  s in ce  
i t  was easy  to show th a t  hf e th an o l/w a te r so lu tio n s  
inhibited the  p r o th a l l ia l  growth. c u l tu re s  o f  
p r o th a l l i  were' grown w ith so lu tio n s  o f  e th an o l and 
w ater (10^# I;", o . l y } in  the bottom p la te  and
a f t e r  te n  to  f i f t e e n  days incubation, in h ib i t io n  o f 
growth was noted  in  the  cu ltu res above IQf and Wf 
e th an o l b u t no t those above the I f  or  0 .1ff e th an o l
s o lu t io n s ,  O#Xi* 0* a n a ly s is  o f  samples from those 
incubated cu ltures showed the presence o f  ethanol 
down to 0.1*;,
However, 0.L . c. a n a ly s is  o f  d ir e c t  a i r  samples 
from c u l tu re s  co n ta in ing  S* octoeporus d id  n o t show 
any peak fo r  e th an o l. This suggested  th a t  though 
e th an o l in h ib i te d  p ro th a llia l growth, i t  was no t 
p re s e n t in  s u ff ic ie n t  concentration from jg, octosoorua 
to  he the  so le  cause o f  in h ib i t io n .
Although ethanol hod bean d e te c te d  in  the 
V olatile®  from J3« odpsporua i t  had not been p o ss ib le  
to  d e te c t  c o n s is te n tly  any other component. I t  was 
su sp ec ted  th a t  the long lengths o f  w ater and carbon 
d io x id e  removing agents were adsorb ing  the v ery  m a l l  
q u a n t i t ie s  o f  v o la tile©  and a change was made to  
removing the  w ater by means o f  a r e f r ig e r a t in g  column. 
In  o rd e r  to  o b ta in  a more co n cen tra ted  sample the a i r  
Supply was changed from blowing f re sh  s t e r i l e  a i r  to 
blow ing a co n tin u o u sly  recy c led  sample o f  a i r .  With 
th e se  two m o d if ic a tio n s , m a te r ie l was again  trapped  
from S, oc to sp o ru s but i t  again gave no conclusive
«W » ' liliHWMl I«n. w i,« £ n  I Mii'B .W e.m nn- 1
r e s u l t s .
Another m odification  was made to the trap p in g  
procedure in  which the continuously recycled  a i r  from
.f ' ...
*
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md. then  th r o n g  a sh o rt le n g th  o f  0.L.O . column packing* 
file 0*1** C* columiwpaclcing absorbed the v o la tile ©  which 
vmve th en  f lu sh ed  onto a 0.1*.c . a n a ly t ic a l  column by 
argon*# lac ltay  used th i s  method o f  trap p in g  very* 
su c c e s s fu lly  fo r  the v o la t i le n  o f  cheese and coffee?*
U sing t h i s  method, i t  was p o ss ib le  to  d e te c t  a 
component from s . octospomxs c o n s is te n t ly  b u t as  y e t 
no I d e n t i f ic a t io n  has been made*
Our problem has been , throughout t h i s  s tu d y , one 
o f  o b ta in in g  a sample o f  the v o la tile ©  s u f f i c ie n t ly  
r ic h  in  the  fungal m e tab o lite s  to perm it Id e n tif ic a t io n *  
fh e  r e s u l t s  so f a r  have been disap-pointing b u t th e re  i s  
g r e a t  hope t h a t ,  w ith th i s  l a t e s t  means o f  trap p in g  
( u s e  o f  pack ing ), the co n tinuously  recy c led  a i r
and th e  use o f  a Svodoba column^* (which p e rm its  a n a ly s is  
o f  aqueous s o lu t io n s ) ,  success w ill  b© achieved*
D esp ite  th ese  trap p in g  d i f f i c u l t i e s ,  we have shown 
th a t  Sell 1 sosoccharomyces octosT)orus» Sncchnromyce3 
c o re y is c a e *Tt 1 ochl 1 d im , and a s p e rg ll lu s  nlgciz riv e  
o f f  sm all e u a n tit i .e s  o f  vole t i l e s  though we have not
been ab le  to  Id e n tify  them* We have a lso  shown th a t  
e th an o l i s  no t the v o la t i l e  from Scfc i  so sac charomve e s
which p lays the im portant p a r t  in  in h ib i t in g  
p r o th a ll ia l growth*
The r e su lts  o f  th i s  work f a r  from being o f  p u re ly  
academic i n t e r e s t  should h e lp  in  the explanation o f  
many w ell known b io lo g ic a l in te ra c tio n s#  e*g. in  s o i l  
mycology# m ycorhisal a s s o c ia t io n s , etc*
HXPSRBCTTiOt
F ir s t
S te r ile  a i r  was blown over a culture o f  Agrarians 
oom nestris, the common mushroom, and then passed  
through a trap K cooled a t  -*60° (fig #  $)♦ The 
m ateria l in  t h i s  tra p  was vacuum tra n s fe r r e d  to  a 
sm aller trap from which vapour samples (1 -2  m l.) could 
e a s i ly  be removed fo r  8# 1**0. ana ly sis*  The samples 
were in jec ted  onto a equal one (1 fi.rtf ) column on c e l i t e  
(80-100 mesh) in  a copper s p i r a l  (4  ft#  x  § ” ) a t 0° 
and 30° but no peaks could be seen* The r e s u lts  o f  
an a ly ses  o f  s tan d ard  hydrocarbons o f  the type suspected  
a re  shown in  Table XX* Hexane (10 mg*) was p laced  in  
the  system (fig *  Z } and the a i r  flow s ta r t e d .  A fte r
h a l f  an hour the m a te rie l in  tr a p  K m s  vacuum 
tr a n s f e r r e d  to sampling tra p  I* from which gas samples 
were removed and analysed  by  8*L* C. a s  above* A 
peak due to  hexane was o b ta in ed  co n s is te n tly *
8 s in g  the  above procedure w ith  ScM so sac cha nomvc e s  
oc to  sp am s * 0«I»*C* a n a ly s is  showed the  presence o f  one 
component c o n s is te n tly  among n v a r ia b le  m ix ture o f  
o th e r  components* Comparison o f the  re te n tio n  tim es 
o f  t h i s  component on SO?' carbowox and 16*0$ sgualane 
id e n t i f i e d  i t  as  ethanol*
Second Sampling Method (D ire c t A ir S nm nlim )*
In  the b io lo g ic a l t e s t  fo r a c t iv i t y ,  B chisosacshare-  
tmrces oeto sp o ru s was grown in  the bottom  p la te  o f  a 
P e t r i  Dish and sep ara ted  by  a cellophane membrane from 
th e  t e s t  organism  -  fe rn  p r o th a l l i  -  grown on medium 
in  th e  top  p la te*  After ten to f i f t e e n  days in c u b a tio n , 
th e  f e rn  p r o th a l l i a l  growth was In h ib ite d  r e la t iv e  to 
th e  co n tro ls*  Samples o f  the vapour above th e  Schiao- 
saecharomycea ac to soo rue were then analysed  on a carbownx 
(2 0 /)  column a t  60° b u t no peaks could  be seen*
The vapours from s tan d ard  m ix tu res o f  e th a n o l/  
w ater were analysed  on a carbowax column (2 0 /)  a t  60°
and th e  peak h e ig h ts  measured -  average o f  s ix  sam ples 
f o r  each mixture* The e thano l i>enk could  s t i l l  he 
m easured from the vapour o f  a 0 .0 1 / e th an o l/w a te r  
m ix tu re . Fern p ro th slX i were grown on the medium 
in  the  upper p la te  o f  P e tr i  d ish e s  a© b e fo re  b u t w ith  
e th a n o l/w a te r  m ix tu res (0 .1 ,  1 .0 ,  5 .0  and 1 0 .0 /  
e th an o l)  in  the bottom p la te .  A fte r ten  to  f i f t e e n  
day© in c u b a tio n , 8.L.C* a n a ly s is  showed th a t  the 
amount o f  e th an o l in  the vapour had f a l le n  -  &% 
e th a n o l/w a te r  vapour sample gave a peak corresponding  
to  0 .5 /  e th an o l/w a te r  m ix tu re , while 1 /  e th an o l had 
f a l l e n  to  0 .05 /*  I t  was found th a t  a minimum o f  
5*0/ e th an o l/w a te r  m ixture was re q u ire d  to  I n h ib i t  
p r o t h a l l i s l  growth.
T hird  Sampling Method (Trapping in  S ta tio n a ry  P h ase ).
A la rg e  s t i r r e d  c u ltu re  o f  Schlaoaaccharomvceo 
o c to sp o ru s  was grown in  a c lo sed  system w ith  a 
co n tin u o u sly  cycled  volume o f  a i r  (5 g a l lo n s ) .  A fte r  
te n  days the a i r  was passed through a co o lin g  c o i l  a t  
~ ld°  to  remove w ater then over a d ry ing  a g e n t 'Calcium 
Oxide and in to  a sh o rt len g th  o f  G.L.C* packing 
m a te r ia l  (2 0 / carbotmx on c e l l t e ) .  P o rtio n s  o f  t h i s  
pack ing  m a te r ia l  were then p laced  n t the top o f
a n a l y t i c a l  column (&?-. carbowosc on the P. A* C .) a t  60°•
^lie gas flow was r e s ta r te d  and the ehroma'togram oT.iomsd 
th e  p resence o f  w ater vapour and n sharp peak ( r e te n t io r  
tim e m 8 m tn s ,) which has no t “been id e n tif ie d , a s  y e t  
h u t  i s  d e f in i t e ly  n o t e th an o l o r  methanol*
C u ltu res  o f  fe rn  p r o th a l l i  were incubated  in  l i t r e  
b o t t l e s  and the  vapours o f  the hydrocarbons l i s t e d
below  In jec ted *
Average
4~ m ethy lpen t-l-ene  10 ml* 146
4~me th y lp en t-2 -en e  * 9 7 .7
2 1 S-dime th y lh u tan e  m 61 #0
2 ,4  f4 f -trim ethy ipen t-f~ en©  n ?8 .3
C o n tro l 166
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The fungal s u e d e s  arc
1 , Sehi ®o sac eh a romvce s octoG“x>ruo, f ,  Saccharomvces
MP»Wil«a*ll>MW|» 'MIIIII J H - WW I  HI*11 III n *n.*fM>.1i)*rlb- i|f W jUWfrrW «W w » r■.»» , „ UlM W I  *  ****'" ■ (I *l«* I*»W I T S * * " "  V *1'*  **'»!ce re  v is e  ae * % * AgnrTeuc ca v >o a r>v i s * 4 , T il a ch i 1 &i urn 
s » p .,  8 , A sp e rg illu s  nt.rpy., 0 , V fe rtlcm .l« n  tfLfroatrm
and 7$ Oo.lleto trdehun 11 ndcmu th  i a num.
(I» l i .  0 .  a n a l y s i s  o f .  S t a n d a r d . H y d r o c a r b o n s  *
•a
( in  mins*}
4~me thylpent~0-ene 02*8
( e i s  and trans)
2|3-dim©th3rlpentane 82*4'
0~m© thylpent~1 *»ene 37*4
2 f 3-dimetfcyibutane ' ' 26*2-
Mixture o f ?
0 ,2 -  dim© thylbu t  a ne 18 .4
4-ma thy l pent-1 -ene 23*8 ■
4-ss©tfcylpert-2~en© 5
( e l s  and tr a n s )  ) ^ * f
2 #3-dim©thylbutan© )
8-m ethyipent-l-ene 37*2
Footnotes A ll analyses m m  carried  ou t o» 
a 16*$f s<|ualaa© column a t 30°.
M E A N S  O F  T O T A L  P R . O T H A L L I A L  A ^ E A S  F ^ O M  P L A T E S
Cc " , ' r
A g a n . j j  c o m p c j t r i  3
C l a d o s p o n u r , .  h e r b a r u m  
Bo t  1 y • 1 j  . f r • 4 
Ti l ac  h I id iu m n i g r u m  
'  c h a o s a c c h a r o m  y e t s  o c t o s p o r u s
C o n t r o l
A g a r i c u s  c a m p t s t r i s
C l o d o s p o r i u m  h c r b a r u m
B o t r y t u  c i n t r e o
T i l a c b l i d i u m  n i g r u m
^c h i  20 3 o c c  h a  r o m  y c e  s o c t o s p o r u S
C o n ' . i  o'
Ve r t  1 c 1111 u m a I b o - a  t  r u m 
C o l l e t  o t ri c n u m I i n d < m u th 10n u m 
F a c c h a  r o  my c  e » c « r * u i s e a «
C o n t  r o l
v « r t i c  i l l i u m o l b o - a t r u m  
C o ! ! e t o t n c h u m  l i n d e m u t h i a n u m
C o n t r o l
Z y g o r h y n c h u s  m o e l l « r i  
A c h l y o  «;p.
S c h n o s a c c h a r o m y c t s  o c t o s p o r u s  
C ont r o l
Z y g o r h y n c h u s  m o f l l e n  
A c h I y a  s  p.




L . S . M . D . *  4 0 0
L . S . M . D .  '  112
L . S . M . D .  *  3 i
L . S . M . D .  *  27
L . S . M . D .  *• 59
Fig* 1 The e f f e c t s  o f  th e  v o l a t i l e ^  f t  .o f a n  p. a r c
m easured by  com paring th e  p ro th nX X ia l  r.r one ? 'n o r  a: 
I n c u b a t io n  in  th e  uupor p l a t e  o v‘ — o n u n  ■"■..s.i ■"f. 
f u n g i  i n  trie b o t to m 3 m t h  th e  a re n a  o f  th e  eoutrol.^ 
p l a t e s  o f  p r o t l i a l l i  alone* r:.lu vn.f.'.cr. voxon
d i f f e r  from  th e  c o n t r o l  by i tn e  l e a s t  si.ones le a n o  
mean d i f f e r e n c e  ( ) a r o  tn  :on a s  sisa;.":necx-.t*
«|0Q O






* P ry ing  tube  w ith anhydrone*
-  S o fn o ii te ,  carbon d io x id e  removing ag e n t.
~ Wash b o t t l e  w ith s t e r i l e  co tto n  wool to  p reven t 
contam inants en te rin g  the  c u ltu re .
S -  Empty Wash b o t t l e .
¥  -  Wash b o t t l e  w ith w ate r, f i r s t  to  prov ide
m ois tu re  fo r  the  c u l tu re ,  the  second to  show 
th a t  a i r  i s  flow ing.
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PARTIAL STRUCTURE OF ''SWmKiqVWm''* 
i m m w o r i c T i .
A»- in te r e s t in g  compound, w ith the unusual em p irica l
form ula °S45 2q®a» was re p o rted  in  1915 by  Ooulding and 
1-R oberts** I t  had b ee r is o la te d  from the e s s e n t ia l  o i l  
o f  th e  tu b e rs  o f  Kaempferla e tb e la o  (f in g ib e ra c e o o ) , a. 
p la n t  known to the n a tiv e s  o f  the T ransvaal m  
"Sherungulu” . doul&lng and C h e r t s  were unable to su g g est 
a  s t r u c tu r a l  formula b u t they  showed the  presence o f  a 
ketone (fo rm ation  o f  an oxlm e), a hydroxyl group (a lthough  
I t  d id  n o t form an a c e ta te  i t  formed a "bensoyl d e r iv a t iv e ” 
m # p *  860° w ith  decom position), and u n sa tu ra tio n  (up take 
o f  th re e  tim es I t s  w eight o f  bromine)* This h ig h ly  
u n sa tu ra te d  ketone seemed worthy o f  r e - in v e s t lg a t io n  and 
T ro p ica l P roducts k in d ly  su p p lied  tu b e rs  o f  a Kaemoferia 
species*  U n fo rtu n a te ly , a t  the time o f  c o l le c t io n  in  
P ortuguese E ast A fric a , no flow ers were a v a ila b le  and 
th e  sp e c ie s  was b e lie v e d  to be Kaempfferia ro se a e *
The o u a r t i ty  o f  c r y s ta l l in e  ketone o b ta in ed  from 
the  e s s e n t ia l  o i l  o f  Eaem oferia roseac d id  no t p e r  a i t«*rtmi ** wnttwiwiumii.ii mwiianui **
th e  more customary degrade tive  approach, so i t  was 
decided  to  a ttem pt a s t r u c tu ra l  de term ination  m ainly 
by  p h y s ic a l techniques*
KBSQ&TS Aim DiaCfTSSlOK*
Steam d i s t i l l a t i o n  o f  the tu b e rs  o f  Kaemofor ta  rosoae 
y ie ld e d  ais e s s e n t ia l  o i l  co n ta in in g  <^-plnene, p~eynene 
and l*S«*cir»eQle among s ix  o th e r  m oroterpem  c o n s ti tu e n ts  
(d*li*0* a n a ly s is )*  A co lour le e s  s o l id ,  which could  be 
re e ry s ta ll ls s e d  from e th a n o l, sep ara ted  from the e s s e n t ia l  
o il*  l a s s  spectrog raph ic  a n a ly s is  o f  t h i s  r e c r y s ta l l i z e d  
m a te r ia l  (m*p, 105-6°, [o(] ^  + 873°; goaid ing  mid. Boberte 
had re p o rte d  m*p* 10# ,  [jbQ ^ + 1 9 # )  in d ic a te s  a m olecu lar 
w eight o f  850 and elem ental a n a ly s is  i s  c o n s is te n t w ith  
®16s 18®8* The in f r a  red  and u l t r a  v io le t  ab so rp tio n  
d a ta  (Table X and Fig* 4) suggest an o{ji-u n sa tu ra te d  
he tone («0!f«CH-C0-) # and in f r a  red  ab so rp tio n  a t  1440 cmT1 
and 1419 cmT  ^ i s  no t in c o n s is te n t w ith  a m ethylene 
ad ja c e n t to  the double bond and a m ethylene ad jacen t 
to  the  carbonyl* I t  was decided  to  name th i s  ketone 
,fSherungulotien s ince i t  woo f i r s t  is o la te d  from 
M8herungu lu fT tubers*
H ydrogenation o f  Sherungulone produces a hexahy&ro- 
d e r iv a t iv e  ( /\ max 873 mju, € *f>5) whose mass spectrum 
shows a m olecu lar weight o f  856 (C-j 5^ 04°  c> re  mil re s  856)* 
The in f r a  red  spectrum o f  hexahydro Sherungulone 
(T able I )  w ith  s tro n g  ab so rp tio n  at 1718 cr?C  ^ in d ic a te s  
that the  carbon:?! groum in  not 1 n a f iv e  membercd ring
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though the data in  fable XV show tha t i t  may he In a 
s ix  o r  seven membered ring* The ah sorption hands o f  
Sherungulone between 1000-1800 emT1 and the absence o f 
~GS s tr e tc h in g  ab so rp tion  suggest th a t  the  second 
oxygen fa n e tio n  Is  p re se n t os an epoxide o r  e th e r  link*  
This fa c t  i s  p a r t ly  confirm ed by  the  presence o f  a 
peak (F-33) in  the  mass spectrum ( fa b le  I I ,  fig* 8) 
which i s  p rob ab ly  due to successive e lim in a tio n  o f  a 
m ethyl group ( angu lar or gem dim ethyl) and a m olecule 
o f  water* A study o f  the in f ra  red  ab so rp tio n  o f  
Sherungulone (Table 1 , fig* 1) suggests  th a t  th e re  a re  
no gem dim ethyl groups so th a t  the  peak (P-15) in  the 
mass spectrum i s  probably due to  an ang u lar methyl 
group* The presence o f  three double bonds (up take o f  
th re e  moles o f  hydrogen), one carbonyl and one e th e r  
l in k  ( in f r a  red  spectrum) In Sherungulone i s  suspected  
so th a t  the ketone must have e i th e r  one r in g  and one 
unhy&rogcnated double bond o r  two r in g s  (CisHigCs).
I n te r p r e ta t io n  o f  bo th  in f ra  red  and u l t r a  v io le t  
sp e c tra  i s  made more d i f f i c u l t  by the f a c t  th a t  ad ja ce n t 
groups may a f f e c t  the chromophore, c*g* the  a l l y l i c  
hydroxyl In  T (Table XV) i s  claim ed to  bo the cause 
o f  the  low X The e lu c id a tio n s  below are  based  on.
1 JO.
the ae& mption  that there ore to  noighbour 1 ng group 
in teraction s#  The u ltra  v io le t  absorotton o f  
Sherangalore (Fig* 4) i s  unusual in  that the maximum 
s h i f t s  on ly  Siaja on changing from hexane to ethanol.
In  e th a n o l, h u t no t in  hexane, ad d itio n  o f  base  produces 
a new ab so rp tio n  hand a t  2 0 Bmjx ( £ * 19,150) and a 
shoulder a t  %22mjx ( e  » 14*000)# Assuming the  chrono­
pher© (2£2m u) to he -CTissGB-OO-*, t h i s  new ab so rp tio n  
( BGSmu) may he due to a chronopher© p re se n t in  the 
m olecule h u t not seen because o f  the  ah so rp tio n  o f  the
Y -u w w tu r a te a  ketone, e .g .  .c'^CE-C^-^O-CO {VHP.mytfl
o r  i t  may he due to  a ehromopfcore formed by  ad d itio n  
o f  b ase.
Although the cyclopropane r in g  la  p o s s ib le , the 
H.M.B* spectrum (Fig# 3) does not In d ic a te  a m ethylene 
group o f  t h i s  type and i t s  presence in  Sherungulone 
would re q u ire  an eleven membored system fo r  the second 
ring* A s a tu ra te d  Ice tone In an e leven  membered r in g  
would absorb a t  1700 cmT  ^ * and a carbonyl conjugated  
w ith  a cyclopropane r in g  probably  a t  13B5 enn* (compare 
w ith  dihydro-*/ -umhellulone"**) W hilst fcexahydro 
Sherungulone absorbs a t  I71H cm* The absence o f  
ab so rp tio n  in  the infra, red  o f  hexafcyd.ro Sherungulone 
a t  3040 em7^ i s  talr.en os conclusive  evidence ago In s t  
the cyclooropane r in g .
1 5 1 .
The ehromoohore CH^CHsCri-CO-GBg
I------------- (ciigjJ
(3) " 1 o r  S
was based  te n ta t iv e ly  on the  in f r a  reel ab so rp tio n  a t  
1419 cm?* ( fa b le  I ) which we assigned  to  OH^ CO ( Jones^* 
gave a range i486 to 1415 craT1 )*
Heatahydro Sherungulone, which alm ost c e r ta in ly  
co n ta in s  a CHgOO (hydrogenation o f  the  -  u n sa tu ra te d  
k e to n e } absorbs a t  1429 cnu^ which we assig n ed  to CH^ OO
6# n
fo llo w in g  lie rs  who assigned  the 1450 cm,* hand to 
CH^ GOCHg* H ers, however» assig n ed  th e  hand a t  1420 emT1 
to  OHgOOOBg* I t  I s  im possible to ass ig n  th e  1419 cmT  ^
hand in  Sherungulone to  CHgOOCHg since  th e  group 
ad ja c e n t to the carbonyl must he CI!»0H~OO, I t  would 
appear th e re fo re  th a t  the in f  re  red  ah so rp tio n  by no 
means rigorously  d e fin e s  the  group ad jace n t to  the 
eaibonyl*
I t  was hoped th a t  the n u c lea r m agnetic resonance 
spectrum  ( fa b le  I I I ,  fig* 3) o f  Sherungulone would 
determ ine the  group ad jacen t to the carbonyl* The 
peak a t  V » 8*98 due to  one angu lar m ethyl group confirm s
the evidence o f  in f ra  red  and maos sp ec tro g rap h ic  an a ly se s  
w h ils t  the do u b le t a t  8*05, 8*09 i s  due to  one v in y lic  
.methyl group* The peaks in  the  reg ion  T c 3 * 5 can he
a t t r ib u te d  to  th ree  p ro tons RCH«OH-H and %C«CKR 
and the  s p l i t t i n g  o f  the peaks in  t h i s  reg io n  end 
a t  8*05, 8*09 i s  such th a t  the  grouping
i s  s tro n g ly  suggested* t h i s  le a v e s  n ine p ro to n s 
o f  which two o r  th ree  are a t  r  » 8*81, 8*89 due to 
e i t h e r  Of%CH o r  -  (m9j -  08$ and f iv e  o r  s ix  a t
m ethylenes* On© o f  the re a c tio n s  o f  Sherungnlone 
h e lp s  to  confirm  the  presence o f  an epoxide# A fte r  
s tan d in g  Sherungulone in  carbon te tr a c h lo r id e  fo r  
mix h o u rs , the so lu tio n  i s  found to  c o n ta in  la c  to n ic  
m a te ria l*  Ipossyketores are  known to  g ive u n a a tu ra te d  
lac tones^*  and th i s  may be the re a c tio n  which 
Sherungulone undergoes, e#g*
fh e  spectrum o f  Bherangulon© would suggest
th a t  b o th  an epoxide and OHgOO are  p resen t#
fhe l?#M. l ,  spectrum o f  the  hmmhy&an d e r iv a tiv e  
h e lp s  to  confirm  some o f  the  assignm ents made fo r  
Sherungulone. I t  la  d i f f i c u l t  to determ ine the number
HGHg » on -  cn * OK -  CO ~
h  ■ 7 to  7*6 due to CHgOO and-HO OB- and o th e r
o
o f  m ethyl groups hu t i t  i s  p o ss ib le  th a t  the  peaks 
a t  r  a 9*12, 9 .05 and 9*08, 8 .3 ?  are  due to two 
CH$GB groups and the peak a t  b « 3 .80 to one angu lar 
m ethyl. The absence o f  peaks in  the  region ^  « S to  8 
confirms th e  grouping.HO 0% « CH -  OH » OH -  in  
Sherungulone.
That the grouping Vi 0 d ig  e CH -  cm » CH -  i s
a d ja c e n t to the carbonyl in  Sherungolone I s  confirm ed
by  the  presence o f  peaks v  a 7 .8 4 , 7*90, 7*9? due
to  OH^O In  the  hexahy&ro d e r iv a t iv e .  The peaks
'V 9 6 —7 do no t confirm, the  epoxide s in ce  they  a re
norm ally  due to -  GH-fcHgJ^-CH -  * This suggests
th a t  some rearrangem ent has occurred  a t  the same time
as  hydrogenation  which m ight a lso  account fo r  the
-1unusual m ethyl ab so rp tio n s (1300 -  1500 cm* ) In 
th e  hexahy&ro d eriv a tiv e*
A number o f  re a c tio n s  was a ttem pted  as In Table V. 
Sodium boro hydride reduction  o f  Sherungulone y ie ld e d  
a red  s o lu tio n  co n ta in in g  a m ix ture o f  compounds 
co n ta in in g  hydroxyl carbonyl and double bond groups.
1b  study  t h i s  red  co lo u ra tio n , which was thought to 
be produced by an aau lene , o la rg e r  o u c n tity  o f  
Sherungulone was reduced w ith  borohy&ri&e* The
in f r a  red  ab so rp tio n  o f  the product showed the
presence o f  Xactonic m a te r ia l end abso rp tion  in  the
u l t r a  v io le t  ( \  % -% # X. a 35**  ^ u \ / max* shoulder f * * max* *
X shoulder MOm;*) suggested th a t  i t  was n o t an 
aaulene* t h i s  was p a r t i ; /  confirm ed by the fad in g  
o f  the red  co lo u r on stan d in g  in  a i r  for s ix  to  
eight days*
.Induction o f  the hexahy&ro d e r iv a tiv e  w ith  
lithium aluminium hydride g ives a  secondary hydroxyl 
group which la  no t In tra m o le cu la rly  bonded confirm ing 
th a t  th e  -OH i s  in  a p o s it io n  in  which i t  cannot 
■tend to  the second oxygen function#
ComHSIQIIS*
I t  would seem* th e re fo re , th a t  the d ata  a v a ila b le
a t  p re se n t i s  in s u f f ic ie n t  to  allow  th e  s t ru c tu re
to be deduced unambiguous!y# I t  I s  possible to
give the  fu n c tio n a l groups in  Sherungulone* I t
would appear to  co n ta in
B a 01$ * CH -  OH « CH -  00 -  but the
t r i s u b s t i tu te d  double ten d  must be tw is ted  ou t o f
the  p lane o f  the ^  -unsa tu ra tec l ketone s in ce  n e i th e r  
in f r a  red  nor u l t r a  v io le t  data  w il l  f i t  a normal
155.
cxfitS unsaturated . ketone# The group ad jacen t to 
the carbonyl i s  probably C%CO* Sherangulone a lso  
c o n ta in s  an angu lar methyl group Oikeiw, a CK*0r;Ro, 
and a t e  t r  a sub s t  i  tu  tc  a doubl e bond (R^C « CR^) and 
an epox ide, -PC leav in g  one p ro ton  to  be
accounted for* I t  i s  a lso  c le a r  th a t  th e  hexahydro 
d e r iv a tiv e  i s  unusual and one may p o s tu la te  th a t  
is o m e r is a t io r  has occurred  a t  the same tim e as 
hydrogenation#
Sherungulone seems to be a n m  se sq u ite rp en e  
and m e r its  fu r th e r  work which m ight fb llow  the 
fa llo w in g  l in e s s -
-  a  s tu d y  o f  the o so n o ly s is  p ro d u cts  o f  Sherungulone,
~ a s tu d y  o f  the la c  to n ic  m a te r ia l  and the  re d
co lo u ra tio n *
-* s e le c t iv e  hydrogenation w ith a le s s  a c tiv e  c a ta ly s t  
to  o b ta in  th e  &i- and te tra h y d ro  d e r iv a t iv e s ,
-  hydrogenation  and dehydrogenation w ith  p latinum  
to  give the r in g  system*
l a s t l y ,  as an e n t i r e ly  d i f f e r e n t  approach, the 
X-roy p a t te rn  o f  a d e r iv a tiv e  o f  Sherungulone m ight be 
stud ied#  3ueh a d e r iv a tiv e  would re  mil re  a heavy atom 
and the  bromophenyl hydrasonc m ight be u se fu l#  A 
sim ple bromine ad d itio n  compound would r o t  be u se fu l 
S';ncc I t  would, null) th e  Gicu'ooohowl c lo y  -m" tn.o doub le
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L ig h t petroleum  r e f e r s  to petroleum  e th e r  
(b .p .  40-S0°C* )*• I!*p*f s ore uncorreeted# U ltra  
v io l e t  sp e c tra  are  measured o r the llilg e r-W atts  
SvlBpe© Spectrom eter o r  the P erk in  Blmer "Dltraeord**, 
in f r a  red  an a ly ses  on the Unicam 3P 100# Sbr the 
n u c le a r  m agnetic resonance sp e c tra  we are  indeb ted  
to  Dr# A* P o rte  o f  th i s  Department*
S te m  d i s t i l l a t i o n  o f  the tu b e rs  o f  Ifeempferia 
ro seae  - (which had been m acerated b u t no t ground in  
an A t o r a i x )  y ie ld e d  an e s s e n t ia l  o il*  During the course 
o f  the  d i s t i l l a t i o n  a w hite s o l id  was seen forming in  
th© condenser* A fte r e x tra c tio n  o f  the t o t a l  steam 
d i s t i l l a t e  w ith ether*  the e th e r  so lu tio n  was d r ie d  
o v er magnesium sulphate* Removal o f  e th e r ,  under 
reduced p re s su re , gave an e s s e n t ia l  o i l  from which 
se p a ra te d  a co lo u rle ss  so lid*
Be c ry s ta l  11 m  t  lo  n o f  the s o l id  from eth an o l gave 
a c r y s ta l l i n e  s o l id ,  nup# 1 0 5 - 1 0 6 ° jX Ip  +27#°*
(ibund  0 ,  78*54, B» 7*65; 0i B}li B0 2  a?enilLire8 78*SS 
and H, 7#88)# G, L* 0. a n a ly s is  o f  the s o l id  on a &f. 
S ilic o n e  column (S*IS. SO) a t  167° gave a s in g le  peak 
r e te n t io n  tim e * 14 mirs# and on a V/ OP column a t  
155°, r e te n tio n  time » 8 nine*
The m olecular w eipht, 260, rno given by moss so o e tro — 
g rap h ie  a n a ly s is  (C^H^gOo r e t i r e s  O50*8)*
C a ta ly tic  .reduction o f  K am pferla  ke tone*
Palladium  charcoal (101% 60*8 mg*) in  e th y l a c e ta te  
(10 ml*) was t r e a te d  w ith hydrogen u n t i l  uptake o f  gas 
ceased  and the  ketone (61*95 mg*) was added* Uptake 
(15*64 ml*) o f  hydrogen correaxx5nded to  th ree  moles*
A fte r  removal o f  the c a ta ly s t  and the so lv e n t, the 
hydrogenated enone was sublimed a t  80°/0*05 mm* p ressu re  
to  remove any contam inants ( c a ta ly s t ,  s i l ic o n e  grease)*
0*2i,Cm o f  the hydrogenated enone on I f  QF (a  
f lu o r in e  te d  a lk y l silicon©  gum) a t  155° showed th a t  the 
hydrogenated enone was 85y* pure ( r e te n t io n  time » 10 m ins*), 
Hexahydro Sherungulone had in f r a  red  and u l t r a  v io le t  
ab so rp tio n s  as in  Table I  and wig*4* The m olecu lar
w eight by  mess spectroscopy was 836 (CigH&gpg re q u ire s  
SS6) (T able 11 and Fig*8 ) . F igure 2 , the  histogram  
re p re s e n ta t io n  o f  the mass spectrum, does no t show any 
o f  the  peak© below 56 mass u n its*
Sodium Borohydride Reduction*
To Kaempferla ketone (4 ,2  mg*) in  dioxnn -  w ater 
(1 ml* «• 0*1 ml*) was added sodium borohydride (5*1 mg.)
and the  m ixture allowed to stand  a t  room tem perature 
f o r  t h i r t y  m iru te s . Water was aa.de& and the  so lu tio n  
e x tra c te d  w ith e th e r  (3 x  5 m l.) .  m e . in f r a  red  
spectrum o f  the e th e r  so lu b le  m a te r ia l showed hydroxyl 
absorption (3*800 cmT^) carbonyl ab so rp tio n  and broad 
absorption peaks a t  lower frequencies due to  borai© 
ester* .1!b hydrolyse t h i s  b o ra te  ester* I t  was 
dissolved in  methanol and co n cen tra ted  hydrochloric 
acid (2  drops) added. During removal o f  the methanol* 
stolte fumes were produced and th e  solution became p in k , 
fhe in f r a  reel abso rp tion  o f  the substance rem aining 
showed a hydroxyl group a t  3500 cm?** carbonyl a t  1710 onT3, 
and ethylenle group 1610 cnT3*
lithium .Aluminium Hydride deduction.
The hexahy&ro ketone (5*4 mg.) was stirred in  e th e r  
(10 m l.)  and lith iu m  aluminium hydride (80-50 mg.) 
added* A fte r  the v igorous re a c tio n  had ceased the  
m ix ture was h ea ted  fo r  two hours, then  e th y l a c e ta te  
added to decompose the rem aining lith iu m  aluminium 
h y d rid e . A w hite g e la tin o u s  p rec ip ita te* fo rm ed  on 
a d d itio n  o f  w ater to th i s  e th e re a l  s o lu t io n , was 
f i l t e r e d  o f f  and washed w ith e th e r .  The combined
e th e r  e x t r a c ts  were washed w ith w ater ( th ree  t im e s ) f
d r ie d  over magnesium su lpha te  and the e th e r  removed 
under vacuum. ‘Ffc© i n f r a  rod epee tram o f  the 
r e su lt in g  m aterial ( in  carbon tetrach lor id e) showed 
sharp  hydroxyl ab so rp tio n  a t  5638 cmT3, (c o n c e n tra tio n  
independent) and broad  ab so rp tio n  a t  5348 cmT*
{ eo n een tra  taon dependant) in d ic a t iv e  o f  in te rm o lec u la r  
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A ll v a lu es  fo r  CC1A so ln . except * which ar© 
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Histogram re p re s e n ta t io n  o f the major peaks in  the mass 
sp ec tra*  The peaks below ?0 mass u n its  a re  n o t included*
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1'fuelear magnetic resonance sp e c tra  w ith  
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